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EXECUTIVE SUMMARY

Experiments have shown that FM-9 antimisting fuel has the potential for
precluding the fine mist and associated fireball generation in aircraft post-
crash situations while allowing for the restoration of the filtration and
atomizing characteristics required for aircraft operation. The Federal Aviation
Administration (FAA), along with others have developed many specialized
laboratory characterization tests for antimisting fuel. The tests evaluate the
antimisting properties, degradability, composition, and rheological properties of
FM~9 antimisting fuel and the physical properties of FM-9 slurry used in the
inline blending process. This report documents the laboratory characterization
tests that were successfully developed and used as a standardized test method
during the program. A literature search was done, and a detailed review and
analysis of each test method was conducted. This led to the following for each
test method:

1. Background on the intent and opération of the test method and theory
behind the rheological property that the test method is evaluating relative to
antimisting fuel.

2., Description of the test apparatus along with a general overview of the
operational procedure of the test method.

3. Equipment specifications for the test apparatus.
4, An accurate and detailed test procedure for the test method.

5. An interpretation of the test results and a discussion of the effective-
ness, repeatability, applications, and limitations of the test method.

An evaluation of the information that was collected on each of the laboratory
characterization tests led to the following conclusions.

1. Laboratory characterization tests are available to adequately evaluate
antimisting fuel relative to the following: (a) the antimisting properties of
batch and inline blended AMK, (b) the degree of intentional degradation produced
by a degrader, (c) the degree of unintentional degradation produced in an
aircraft fuel system, (d) the filtration characteristics of degraded AMK, and (e)
the composition and physical properties of AMK and FM-9 slurry.

2. The primary quality control tests for antimisting fuel are the Filter
Ratio Test, the Cup Test, and Solids Test, and the Turbidity (Clarity) Test.

3. The only standardized laboratory characterization test that was
developed as a near real-time quality control test was the Die Swell Test,

4, The laboratory characterization tests that are included in this report
should provide the necessary information to assess the quality of the fuel
relative to fire protection and aircraft system compatibility.

5. Attempts to make direct measurements of the normal stress and

extensional viscosity properties of FM-9 antimisting fuel at high shear rates
have been unsuccessful to date.

vii




1. 1NTRODUCTION.

1.1 BACKGROUND.

Fire fatalities associated with impact-survivable aircraft crashes are a major
concern in civil aviation and for the Federal Aviation Administration (FAA).
Typically, during an impact-survivable aircraft crash, large quantities of
aircraft turbine fuel are expelled from ruptured fuel tanks and fuel lines into
the high velocity airstream around the aircraft. Under these conditions, the
fuel that is sheared by the high velocity airstream results in a highly flammable
mist which is easily ignited and at times explosive. The resulting fire then
ignites pools of fuel in and around the damaged aircraft.

The Federal Aviation Administration (FAA) has been involved in research and
development efforts to minimize the post~crash fire hazard of aviation turbine
fuel for many yvears. The latest development in a series of antimisting kerosene
(AMK) additives is FM-9, produced by Imperial Chemical Industries of Americas
(ICI Americas). FM-9 polymer is added to Jet A aircraft turbine fuel at a
nominal concentration of 0.30 percent. Experiments have shown that FM-9 AMK has
indicated the potential for precluding the fine mist and associated fireball
generation in aircraft post-crash situations, FM-9 AMK also exhibited the
potential for allowing the restoration of the filtration and atomizing
characteristics required for aircraft engine and fuel system operation.

Using the antimisting kerosene additive FM-9, the FAA, in conjunction with the
Royal Aircraft Establishment (RAE), United ¥ingdom, completed a 2-year research
and development program to determine tne feasibility of using antimisting fuel in
the civil aviation aircraft fleet. Upon completion of this phase of the
antimisting fuel program, the following conclusions were reached. First, the
research determined that FM-9 antimisting fuel could inhibit the formation of the
fine fuel mist that forms during an aircraft crash and, thus, it would reduce the
post-crash fire hazard of an impact-survivable aircraft crash. Second,
researchers determined that there were no problems associated with the use of AMK
that could not be solved by further research using the technology available at
the time (reference 1).

The successful completion of the feasibility phase of the AMK program led the FAA
to the Controlled Impact Demonstration (CID) in order to demonstrate the
effectiveness of FM-9 AMK in reducing the post-crash fire hazard during a full-
scale aircraft crash.

The CID took place on December 1, 1984, when a Boeing 720 was remotely piloted
into a prepared impact area on the desert at Edwards Air Force Base in
California. The impact area contained obstacles that would normally be
encountered in an alrport type environment and also contained mechanical devices
that would insure that the wing fuel tanks would be ruptured. The aircraft was
crashed at a set sink rate and forward velocity. The impact area, sink rate, and
forward velocity were determined by earlier research that defined a typical crash
scenario from analysis of previous aircraft crash accident data.

The actual aircraft crash during the CID did not follow the typical crash
scenario that was to have been simulated and the aircraft became involved in a
post-crash fire.
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1.2 OBJECTIVE.

During the time period between 1978 when research was initiated on antimisting
fuel using the newly-developed AMK additive FM-9 and 1984 when the CID took
place, many laboratory characterization tests were developed to evaluate the
antimisting properties of FM-9 AMK. The FAA, the RAE, the National Aeronautics
and Space Administration (NASA), the Jet Propulsion Laboratory (JPL), Southwest
Research Institute (SWRI), and Pratt and Whitney Aircraft (PWA) developed
numerous laboratory tests to evaluate the following:

1. The antimisting properties of batch and inline blended AMK.
2. The degree of intentional degradation produced by a degrader.

3. The degree of unintentional degradation produced in an aircraft fuel 4
system.

4. The filtration characteristics of degraded AMK,
5. The composition and physical properties of AMK and FM-9 slurry.

The principal intent of this report is to document all of the laboratory
characterization tests that were used as a standardized test method during the
antimisting fuel program,

Table 1.1 shows the AMK laboratory characterization tests in this report as well
as the primary use of each test method. A literature search was conducted on
antimsisting fuel research that contain information on the laboratory
characterization tests listed in table 1.1. The review and analysis produced the
following collection of information on each of the laboratory characterization
tests.

1. Background on the intent and operation of the test method and theory
behind the rheological property that the test method is evaluating relative to
antimisting fuel.

2. Description of the test apparatus along with a general overview of the
operational procedure of the test method.

3. Equipment specifications for the test apparatus,

4, An accurate and detailed test procedure for the test method. 1

5. An interpretation of the test results and a discussion of the effective-
ness, repeatability, applications, and limitations of the test method. 4
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‘;‘ TABLE 1.1. LABORATORY CHARACTERIZATION TESTS FOR ANTIMISTING FUEL
AMK APPL1CATION
REPORT CHARACTER1IZAT1ON UNDEGRADED DEGRADED COMPOSITION COMPOSITION
'y SECTION TESTS AMK AMK AMK FM-9 SLURRY
84
"o 1 Filter Ratio X o
o
f‘.: 2 Cup X ()
»‘tz';‘ . 3 Turbidity X
1ol
::::: 4 Degradability o
1)
oty
':g;f ) 5 Transition
Velocity o
it
;‘af‘ 6 Pump Filtration o
.
g ‘; 7 Gel Permeation
":;:* Chromatography )
o 8 Die Swell o
a 4
9 Low Temp Gel
::& Formation o
f.',t“
10 Inertial
'..;. Rheometric Pump o
a4
Gl 11 Viscosity and
g Viscosity Ratio o
\"‘.A’;‘
P! 12 Solids o
:: 13 Water Content
e Determination o
8
B
e 14 Glycol
Measurement o
s .
X 15 Amine
ay Measurement o
W
b 16 Density
Determination o
"
%0:' 17 Particle Size
N Evaluation o
2
Qt .
::' 18 Viscosity
’ Determination o
I
:.;! X - PRIMARY QUALITY CONTROL TEST
|‘;z
%
e 3
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fl With the develepment of FM-2 slurry for the irline blending process and the
?: production of various tipes of IM-9 <lurvies, it became important to standardize
i FM-9 slurry. The FAA, in conjunction with ICT, developed a set of specifications
.t for F-9 slurry (Avgard ®), using several of the laboratory characterization
Y tests as specified in this report. TCI used these specifications to produce an
ﬁ FM~9 slurry with repeatable handling properties and repeatable antimisting
t% performance in the resulting antimisting fuel. FM-9 slurry specifications
? (appendix A) include the solids test and the viscosity determination test.
by
When the antimisting frel program progressed into the full-scale validation phase
0 with flight testing and the CID, a set of specifications were necessary to .
?Q evaluate the antimisting fuel that was inline blended into the test afrcraft to
iy determine if it had acceptahle antimisting properties. A set of specifications
{J were alse necessary toe evaluate the level of AMK degradation nroduced by the
. flight test deprader to determine if the degraded AME war adequate for engine ’
opecration. Rased on previous results from laboratory characterization tests
" specified in this report, a set of specifications was develeoped for determining
8 acceptable quality AMF ard adequate degrader performance. The specifications for
a: acceptahle quality AMK (aprendix B) Include the following laboratory
3 characterizaticn teats: (1) filter ratio test, (2) cup test, (3) turbidity, (4)
AN solids te«t, and (3} water content. Degrader performance specifications
) (appendix ) ineclude the filter ratio test and the cup test.
h
o 7.  LABORATORY CHAKACTERIZATION TESTS.
0
' 2.1 FILTI'® RATIO TEST.
:; 2.1.1 Background and Theory.
ﬂ
A Developed by the RAFE, the filter ratio test was designed as a standardized
'« filtration test to measure intentional degradation of AMK. The filter ratio
) apparatus is primarily a viscometer that compares the viscosity of Jet A to the
71 viscosity of AMK, vielding a dimensionless nuwhber called the filter ratio.
V
3 During the early stages of the AMK program the filter ratic test was used to
Q” evaluate the performance of various types of degraders by measuring the amount of
" degradation produced, It was later determined that the filter ratio test was
also a usefunl quality contrel test for undegraded AMK, The filter ratio test
a3 showed repeatable results for undegraded aMK produced with the same polymer )
‘: hatch. With the advent of the inline blending process, filter ratio test results
L were used to assess the developing equilibration of inline blended AMK,
>
h fince the filter ratio test bhecame standard for all AMK analveis as the primary :
method of measuring viscosity prepertieae, the standard test procedure was
1 improved at the 9th U.S./U".¥. Technical Group Meetirg on AMK,
Jd
,:':\‘ 2.1.2 Fxperimental.
0
fk 2.1.2.1 Apparatus.
‘o The filter ratio apparatus is shown in figure 2.1. The filterakility of an AMK
:z sample {¢ measured by recording the time a precise quantitv of fuel at a constant
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fuel temperature under a repeatable gravity head takes to flow through a filter
of known dimensions. The AMK flow time compared to the base Jet A flow time,
which the AMK was blended from, is known as the filter ratio.

flow time of AMK (sec)
flow time of base Jet A (sec) = Filter Ratio (FR)

A large filter ratio versus a small filter ratio indicates an AMK with a higher
viscosity.

During the latter stage of the AMK program an electronic timer with optical
sensors located at the timing reference points shown in figure 2.2 was used to
measure the flow times. This improved the accuracy and repeatability of the
filter ratio test.

2.1.2.2 Equipment Specifications.

1. TFilter Ratio Apparatus - manufactured to the specifications shown
in figure 2.2.

2, Viton O-rings ~ 28 mm diameter, 3.0 mm thick

3. Rapid Release Clamp ~ Nos. KF 20/25, made by Leybold-Beraeus,
Monrceville, PA

4. Flectronic Timer - assembled from the following items:
a. sight glass scanners - No. S19101 (2 required, see note)
b. photo electric control - No. R40100 (2 required, see note)
c. timer - start/stop, 110 volt, capable of reading tenths of seconds
NOTE: Ttem manufactured by Skan-A-Matic Corporation, Elbridge, NY.

y.  Cork or Rubber Stopper

6. Filter Disks - 1.5-inch diameter with the following specifications made
by Tetko, Inc., Flmsford, NY:

a. rpore size - 16 to 18 micron (nominal)

b. material - twilled dutch weave stainiess streel cloth

c. mesh - 165 X 1400

d. wire diameter - .0028" warp diameter X .0016" weft diameter

2.1.2.3 Procedure.

1. Bring Jet A fuel and AMK samples to 20vC +2°C by placing sample
containers in a water bath.
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2. O-rings should be properly seated in both the upper and lower filter
plates.

3. Place a new filter disk in the lower filter plate and align it with tne

upper filter plate. Fosition both plates together and attach quick release
clamp.

4, 1Insert a stopper in the bottom of the orifice of the lower filter
plate.

NOTE: The stopper must not contact the filter disk.
5. Tilt the apparatus slightly and pour the Jet A slowly down on the side
of the tube. As the tube is filling, return it to a vertical position and fill
until Jet A just begins to spill into the overflow. NOTF: The Jet A used should -
be the same as used to blend the AMK.
6. Allow Jet A to stand for 60 seconds or until all visible air bubbles
have risen to the top before proceeding. NOTF: It stopper should come out

prematurely, the procedure must be repeated with a new filter disk.

7. Reset timer to zero. NOTE: Timer is activated while filling as well
as upon empting of device.

8. Place beaker under apparatus. Remove the stopper with a twisting
motion so as not to disturb the fuel sample. The electronic timer times the
passage of fuel meniscus between the two timing marks. Record time.

9. Allow all the fuel to drain.

10. Using the same filter disk, repeat steps 4 through 9 with the AMK
sample.

11. Disassemble the filter holder and inspect filter disk. Note the
presence of any unusual upstream or downstream gel,

12. Discard filter disk, and clean apparatus with solvent.
13. Calculate the filter ratio.

FR = TIME AMK (SEC)
TIME JET A (SEC)

2.1.2.4 Results and Discussion.

The filter ratio test is one of the primary quality control tests for AMK and has
become standard for all AMK analyses. The filter ratio apparatus primarily
compares the viscosity of AMF tn the viscosity of .Jet A and, therefore, acts as a
viscometer. Filter ratio measurements provide information on the level of fire
protection, equilibration characteristics, an? the level of degradation of an AMK
sample.
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There was some initial concern that imperfect dimensions of the filter disk could
change the relative flow resistance of the filters and produce unreliable results
from the filter ratio tests. The flow times using different filters and the same
Jet A were found to vary from 4.0 to 6.0 seconds. This problem was eliminated by
measuring the Jet A flow time each time the test was done and using the Jet A
that the AMK sample was blended from. Therefore, the test fuels were exposed to
the same flow resistance through the filter, giving corresponding differences in
Jet A and AMK flow times. The filter ratio values were unaffected. This also
holds true for slight variations in effective filter area.

A batch blended or an equilibrated inline blended 0.3 percent FM-9 AMK normally
ylelds a filter ratio between 35 and 90. Values outside this range could be a
result of any one or more of the following: unequilibrated AMK, incorrect
polymer concentration, sample degradation, or contamination. The filter ratio
test can distinguish inadequate AMK blends that would not have shown up in the
cup or turbidity test results (sections 3.2 and 3.3). For example, a developing
inline blended AMK sample may have a normal cup and turbidity value but could
exhibit an extreme plugging condition in the filter ratio apparatus (FR greater
than 100).

Degrader performance is also determined by the filter ratio test. Filter ratio
values of 1.5 and below are indicative of highly degraded AMK, A maximum filter
ratio value of 1.2 has been established as an acceptable level of degrader
performance. However, the filter ratio test is insensitive at values less than
1.2, Tests have shown that the flow time (4 to 6 seconds) for highly degraded
AMK samples is too short. Other tests, such as the pump filtration test or
transition velocity test (sections 3.5 and 3.6), must be employed to effectively
evaluate very highly degraded AMK.

2.2 ORIFICE FLOW TEST (CUP TEST).

2.2.1 Background and Theory.

The orifice flow cup was originally developed for use in the paint process; the
cup was later modified by ICI solely for use with FM-9 antimisting fuel. The cup
test is one of the primary quality control tests for antimisting fuel. Flow
through the orifice flow cup would inherently seem to involve elongational defor-
mations of the fluid. However, since the dimensions of the orifice yield a
length to radius ratio (L/R) 3.85, one could expect that shear deformations

could occur. Tne effects of shear viscosity on the flow rate through the orifice
flow cup is shown by experiments done with Newtonian fluids. A Jet A/mineral oil
blend with a shear viscosity of 13.6 centipoise (cP) produced an orifice flow cup
measurement similar to that of a 0.3 percent FM-9 AMK out would exhibit no fire
protection, Mannheimer of SWRI also points out that the shear rate developed in
the orifice flow cup is well above the critical shear rate established for shear
thickening bebhavior of AMK (reference 2).

2.2.2 Experimental.

2.2.1 Apparatus,

[a)

The orifice flow cup is shown in figure 2.3 and 1s similar to a type A cup that
is specified in tne British Standard Specification for Flow Cups and Methods of
Use, except that the orifice diameter is changed to increase the cup's
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sensitivity for use with FM-9 AMK. The cross section of the orifice flow cup is

shown in figure 2.4, AMK at a specific temperature passes through the orifice of
the flow cup under a known, but diminishing, pressure head and is collected for a
speci led time, The collected volume of AMK is then measured in milliliters.

2.2.2.2 Equipment Specifications.

1. Orifice flow cup, similar to that of type A cup, as specified in British
Standard Specification for Flow Cups and Methods of Use, Method Identification
B.S. 1733, except that the orifice diameter shall be 0.026 inches +0.0005 inches.
See the specification for the flow cup shown in figure 2.4,

2. Timer (seconds), capable of reading tenths of seconds
3. Graduated cylinder, 10 ml graduated in 0.2 ml divisions
4., Magnifying glass or eye piece

2.2.2.3 Procedure.

1. Clean the flow cup and graduated cylinder immediately before each test.

a. Wash cup with solvent (1,1,1 - Trichloroethane).

b. Inspect orifice with magnifying glass.

c. Clear any obstruction in orifice with nylon or coarse animal hair
bristle (corn broom bristle also works). Do not use any hard or mallic probe to
clean the orfiice.

d. Rinse again with solvent,
e. Alr dry.

f. Hold cup to a light source and inspect with glass.

2. Check flow cup performance at the beginning and end of each test series.
a, Clean as described in item 1.

3. Adjust temperature of sample to 20°C +2°C by placing in water bath.
Avoid rapid heating or cooling of sample.

a. Measure flow rate of Jet A by using the procedure described below.
Flow rate for Jet A should be 7.6 to 7.8 ml1/30 seconds.

4, Place the flow cup on the stand in a place free from drafts. Make sure
that the cup 1is at sufficient height above the bench to permit the introduction
of the graduated cylinder below it.

5. With the orifice closed by one's finger, fill the cup with a bubble free

sample, until it just begins to spil]l into the overflow. Pour slowly down the
sides of the cup to minimize formaticn of air bubbles or gellation,

L1
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6. Level orifice cup, zero timer, place beaker under cup.
7. Start timer and hold finger over orifice for 30 seconds.

8. At exactly 30 seconds, remove finger and allow fuel to flow into beaker
for 30 seconds.

9. At exactly 60 seconds (total elapsed time), introduce the dry graduated
cylinder bereath the cup.

10. Collect material from the orifice for exactly 30 seconds (90 seconds
total elapsed time).

11. Record the amount of sample collected in the graduated cylinder to the
nearest 0.1 ml.

12, Repeat the procedure until consecutive tests give three values within
0.1 mls of each other. Report the average of the three values.

Care of Cup:

1. Clean cup and graduated cylinder immediately after each test as
described in item 1 above.

2. Do not wipe inside of cup or around orifice with fibrous material,
3. When not in use, store cup with orifice immersed in Jet A.

2.,2.2.4 Results and Discussion.

The orifice flow test is one of the primary quality control tests for inline
blended AMK and batch-blended AMK as well as being a good indicator of the
degradation level of a degraded AMK sample. The orifice flow cup measures shear
viscosity which makes the cup primarily a viscometer (reference 2). 1In use with
0.3 percent FM-9 AMK it measures the shear viscosity above the critical shear
rate.

Generally, an undegraded equilibrated inline blended 0.3 percent FM-9 AMK
exhibits an orifice flow cup value between 1.7 and 2.3 ml/30 sec depending on the
polymer lot. Values outside of this range are indicative of: wunequilibrated
AMK, unclean orifice flow cup, incorrect polyer concentrations, AMK degradation
during sampling or sample contamination. Degraded AMK yields an orifice flow cup
value between 2.5 and 7.0 ml/sec, depending on the level of degradation and
highly degraded AMK produces values greater than 7.0 ml/30 sec. A minimum
orifice flow cup value of 7.0 ml/30 sec has been established as an acceptable
level for degrader performance.

The developing dissolution of inline blended AMK can be tracked using orifice
flow cup results, and orifice flow cup values can quickly indicate poor quality
AMK,
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2.3 TURBIDITY (CLARITY) TEST.

2.3.1 Background and Theory.

Turbidity is a term given to an optical property of a liquid and is defined as an
appearance parameter. Turbidity is caused by the presence of suspended matter in
in host liquid. In the case of AMK, turbidity can be caused and affected by such
things as partially swollen polymer, gels, wet and dry particles, high polymer
concentration, turbidity of the base Jet A, and the water content of the base Jet
A or AMK (reference 3). The laboratory device used to measure turbidity is a
Nephelometer.

2.3.2 Experimental.

[ 8]

.3.2.1 Apparatus.

A Nephelometer, such as the one shown in figure 2.5, produces an intense heam

of light which 1is passed through a standard 30 ml sample bottle that contains the
liquid to be measured. Suspended material in the liquid deflects a small portion
of the light out of the main light beam. The light that is deflected at right
anples is measured by a sensitive light detector, and the resulting electrical
signal is amplified to provide output which 1s displayed on a digital voltmeter
in nephelometric turbidity units (figure 2.6). This reading is calibrated to the
concentration of suspended matter.

2.3.2.2 Equipment Specificationms.

Any apparntus designed for the purpose of measuring the turbiditv of a liquid can
be used to measure the turbidity (clarity) of an antimisting fuel or Jet A
sample. During the course of the AMK program, the FAA, ICT, and its contractors
used several different models of Nephelometers. All of the Nephelometers used
rroduce turbidity measurements that are reliable and relatable 1if the
Nephelometers are accurately calibrated before use. The Nephelometers used bv
the FAA, ICI, and JPL are specified in Section 2.3.2.2.1 through 2.3.2.2.3,

2.3.2.2,1 Nepheiometer (Used by the FAA),

I. Laboratcry Nephelometer, Model 21, manufactured bv Monitek, Ilnc.,
Havward, Califernfa, with the following specifications:

Ranges: 0-1,99, 0-12.9, and 0-199 NTU switch selectahle
(Decimal point {s automatically set on the digit
display.)

Accenracy: +1 digit »f calibrated span. (Overall accuracy
denendent on calibration standard.)

Peproducibility: 4T odiy e

Sensitivitv: +0,005 NTU

Stra~ 7 pht: +0.01 NTI (lowest ranpe witi, sample caver irstalled)
Response Time: 100 milliseconds (637 change)
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Sample Required: 25 milliliters minimum

Sample Bottle: 25 mm x 95 mm vial (30 ml capacity)
Display: 2 1/2 digit, digital readout

Recorder Output: 0-1 milliampere DC

Type of Lamp: Incandescent (Halogen Cycle Type)
Warm-up Time: 5 minutes

Cimensions: 11" x 11" x 3" (28 em x 28 cm x 7.6 cm)

Power Requirements: 110V, 50/60 Hz (25 Volt-Amps)

n

2. Turbidity standard 10 NTU, catalog number 2480, manufactured by the
Hach Company, Loveland, Colorado 80539.

—

LIGHT
DETECTOR

AL

"W LENS
l 11 I
LIGHT
‘ SOURCE
SAMPLE
BOTTLE

FIGURE 2.6 SCHEMATIC OF NEPHELOMETER OPERATION

2.3.2.2.2 Nephelometer (Used by JPL).

Turbidmeter, model DRT100, manufactured by H, F, Instruments

2.3.2.2.3 Nephelometer (Used by ICI).

Turner Designs Nephelometer, Model 40-002, manufactured by Turner Designs,
Mountain View, California.

2.3.2.3 Procedure (Monitek, Model 2], Nephelometer).

1. Turn on the power and lamp switches and allow the Nephelometer to warm
up for 15 minutes.

2. With sample chamber empty and cover in place, set the range switch at
20 NTU and turn the zero adjust knob for a 0.0 reading on the digital voltmeter
display.

3. Install the 10 NTU turbidity standard into the sample chamber and
replace cover.
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4. Adjust the standardize control knob for a digital display reading equal
to the value of the turbidity standard.

5. Remove the turbidity standard from the sample chamber and insert a
sample holder bottle filled 80 percent or more with the fluid to be measured and
replace cover.

6. Record the value displayed on the digital voltmeter to the tenth of an
NTU, approximately 15 to 20 seconds after insertion. (Turbidity will change as
sample is warmed in Nephelometer),

7. Remove sample, drain and clean vial with solvent,

8. According to the manufacturer, it is not necessary to check the zero
and standardize the Nephelometer before each reading, and in fact, if the
instrument is functioning properly, frequent calibration checks are not
necessary. However, the validity of the test data depends on the calibration and
until the operator has gained sufficient, implicit confidence in this
instrument's stability, frequent calibration checks are recommended (preferably
before each sample reading).

9. Operational Notes

a. Two horizontal bars on the digital display indicate an over-range
condition, switch to the 200 range.

b. Turbidity standards should be stored in an opaque container.

c. Sample holder bottles and calibration standards should be free of
finger prints,

2.3.2.4 Results and Discussion,

NTU values between 4 and 20 are normal for 0.3 percent FM-9 AMK, although higher
readings have occurred when there has been a problem in the blending or storing
of the AMK. A high NTU value is indicative of polymer which has not yet fully
dissolved, and a low NTU value is indicative of an equilibrated AMK sample.
Although there is no absolute NTU value, an equilibrated AMK sample normally will
yield an NTU value between 5 and 10. Also, the developing equilibration of an
inline blended AMK sample from the same polymer lot should track the same (i.e.,
turbidity versus time) and reach the same turbidity equilibrium value. The
turbidity of developing AMK always exhibits a decreasing NTU behavior.

The development or dissolution of freshly blended AMK can be followed by using
Nephelometry. The turbidities of developing AMK samples exhbit asymptotic
behavior. A typical plot of turbidity versus time is shown in figure 2.7. The
rate of change of turbidity data provides an indication of the state of
equilibrium in which an AMK sample is in. However, the turbidity equilibrium
value 1is reached several hours before the degradability equilibrium (maximum
degradability) is reached.
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FIGURE 2.7 TURBIDITY OF CID BLEND

There are several limitations of turbidity measurements, For example, turbidity
data does not indicate developing AMK blends which exhibit filter plugging
tendencies. Also, there seems to be no relationship between the degradation
level of an AMK sample below a filter ratio of 5 and turbidity measurements.

2.4 DFEGRADABILITY TEST.

2.4.1 Background and Theory.

This test was developed by JPL as a means to determine the degradability of
developing inline blended AMK on a laboratory scale. Tt is important to
determine the development time at which an inline blended AMK fuel can be
degraded to an acceptable level for aircraft operations (filterability,
combhustibility). The degradability test provides an assessment of the
degradability and the degradation development of an AMK fuel on a laboratory
scale.

i8
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?g 2.4.2 Experimental.
LA

‘i

ﬁ;gl 2.4.,2.1 Apparatus.

7 The apparatus is basically a soda fountain type mixer as pictured in figure 2.8.
«;& The mixer produces a relatively repeatable mixing revolutions per minute (RPM)
:;: using 110-volt Alternating Current (A.C.) power that is readily available. Also,

:\ the mixing time and volume are held constant, therefore, each AMK sample is

r: degraded at relatively the same specific power.

Y

2.4.2.2 Equipment Specifications.
"y
\/ y

J: 1. Hamilton Beach Scovill Mixer, Model No. 936-2

-

a ; 2. Stainless steel mixing cup for use with above mixer,

O

. 2.4.2.3 Procedure.

3

Z f 1. Pour 300ml +5 ml of undegraded AMK into the mixer's stainless steel
.‘b i container.

!

DR 2. Set mixer speed setting to LOW.

" g

-

C;i 3., Place stainless steel container with AMK into mixer.

TR

;i;; 4, Run mixer at LOW speed for 5 minutes.

- 5. After mixing for 5 minutes, determine filter ratio as per Section 2 of
] this report.

ASN

s:}: NOTE: The filter ratio measurement should be made immediately after the S~minute
K.t mixing operation to avoid the misleading filter ratios associated witn freshly
3 blended and degraded AMK.

‘_i 2.4.2.4 Results and Discussion.

My -!

‘}: Although the degradability test has been used on a 1limited basis, AMK samples can
o be directly compared with other AMK samples or developing AMK samples can be

: oy tracked to determine the time when maximum degradability is reached. Measured

D X AMK samples are degraded in the mixer for a specific time with relatively the

. sample specific power input. Generally, an AMK sample which yields a filter
o ratio of 3 or less after the degradation test 1s considered to be adequately
K-.7- equilibrated.

K. 7
.
lsj' 2.5 TRANSITION VELOCITY TEST.
3y
2.5,1 Background and Theory.

~
o™ The transition velocity (Vy) test method was developed by PWA as a more sensitive
3 2 method (than filter ratio, cup, etc.) for evaluating degradation levels of
™~ s antimisting fuels. Also, the Vy test method provided a relatively fast means of
K producing repeatable results of degradation levels.
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PWA found that when AMK flow through a filter is plotted as a function of
increasing differential pressure ( A P) across the filter, there is an Increase in
flow resistance which occurs at a specific flow rate or velocity, known as the
transition velocity (reference 4). The transition velocity is directly related
to the degradation level of the AMK. The higher the transition velocity, the
closer the AMK is, in properties, to Jet A fuel. These points are illustrated in
figure 2.9,

FR=40 FR=3 FR=1.17 FR=1.00
100 +— UNDERGRADED AMK 3.PASS 16-PASS JET A FUEL
- o
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FIGURE 2,9 TRANSITION VELOCITY AND FILTER RATIO COMPARISON

2.5.2 Experimental,

2,5.2.1 Apparatus.

The apparatus is shown in figure 2,10, Basically, the Vr test apparatus is a
millipore filtration apparatus with a ball valve added between the vacuum flask
and the filter support (reference 5). The millipore filtration apparatus is a
three-plece glass filter funnel. The fine filter in the millipore apparatus is
replaced by a l6-mesh wire screen in the Vr test apparatus. The transition
velocity test measures filterability by drawing a measured volume of fuel through
a filter of known dimensions under different vacuum levels and recording the time




)
Nﬂ* for this measured volume to pass through the filter. Using the data, a fuel
zq velocity is calculated and plotted against the vacuum level. The plot result is
:ﬂ' two intersecting, straight lines, the point of intersection is defined as the
S transition velocity.
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,& FIGURE 2,10 PWA TRANSITION VELOCITY APPARATUS
2.
I
3 The Vp unit, as designed, contained serveral inadequacies in the apparatus, AMK
; samples leaked out of the glass-to-glass joint on the millipore filtration
" apparatus, and there were no clear points to start and stop the timing of the
2; sample due to the large meniscus of the sample and the velocity of the sample
he when it passed through the filter at the stop point. Since the vacuum gauge
ﬂi: supplied with the pump had a small scale and the readings fluctuated, it was
o difficult to obtain accurate and repeatable readings.
e
e The FAA Technical Center modified the Vp apparatus (figures 2,11 and 2,12) to
N incorporate a modified filter ratio apparatus with electronic timers in place of
2 the millipore filtration apparatus and a 6-inch diameter vacuum gauge with inline
Wi damping to smooth out vacuum fluctuations,
During the initial development of the V1 test, the apparatus was tested using 8
Y um Nuclepore paper filters, 40 um engine fuel pump paper filters, 10 um woven
‘ ~ metal filters, and 17 um woven metal screens. The Nuclepore paper filter was
o chosen for use in the VT apparatus because of the well defined and consistent
{ ~ characteristics relative to pore size, geometry, and pore density (reference 4).
0 The Nuclepore filter is a polycarbonate filter with a pore diameter of 8 um pore
i density of 1 X 103 pores/em? and a nominal filter thickness of 10 um.
L/
1

W 22

NG00 00K LY o XA L

s 8, vy - 4

. , AR NN , \ ,
D MR D N R (N ORI N




I8 T
teowEa gasEe (<204

’
4
L
4

i w2
I

X S
Y

.

A ',."-‘\ .

R A N NPT Uty S, S

o
-

rEnree

-

-
QU
A '!lo..h BV,

23

.~ ™t
(O i

[i0Gd VELOCTTY

o

rre————————

APPARATES

-

AP R TLI )
A n T At



hadAadh Sad "Sadh Saih Aol Sl I'T

PR - . Lt R et . VT
PURY Y P W PR O VT VR P ST SR I Y T oW W R SR SR iy (O g Wy N

- e

P O P W Ty




2,5.2.2 Equipment Sp.-ificatioms.

2.5.2.2.1 PWA Vg Apparatus.

1. 200 ml pyrex filter flask, No. 5340,

2. Millipore filtration apparatus, No. 4. modified with larger sample
reservoir (4 inches higher).

3. 47 mm diameter, 8 um pore size, Nuclepore polycarbonate membrane
filters.

4. l6-mesh wire screen filter support, see figure 2.10.
5. 1/2-inch ball valve.

6. Vacuum pump, capable of producing 0 to 20 inches of Hg. Gast vacuum
pump, model 0211-V45F-68CX.

7. Timer, capable of reading tenths of seconds.

8. Miscellaneous, pipe fittings, rubber stopper and tvgon tubing 3/8"
1.D., 1/4" wall thickness.

2.5.2.2.2 Modified Vr Apparatus.

1. 2000-ml pyrex filter flask, No. 5340.
2. Modified filter ratio apparatus, see figure 2.11.

3. Flectronic Timer setup for filter ratio apparatus, see filter ratio
apparatus equipment specifications,

4, 1/2-inch ball valve.

5. Vacuum pump, capable of producing 0 to 20 inches of Hg, gast vacuum
pump, model 4VCF-10-M400X.

6. 16-mesh, 1 1/2-inch diameter filter support.

7. 47 mm diameter, 8 um pore size, Nuclepore polycarbonate membrane
filter.

8. 3/8-inch swage lock ball valve.

9. Miscellaneous, pipe fittings, 3/8-inch tubing and fittings, rubber
stopper and tygon tubing 3/8" 1.D,, 1/4" wall thickness,

2.5.2.3 Procedure.




2.5.2.3.1 PWA Vq Procedure.

1. Assemble the apparatus shown in figure 2.10. The device ic basicallv a
millipore filtration apparatus with o ball valve added between the vacuum flosk
and the filter support. In addition, the fine wire mesh filter support 1is
replaced with a l6-mesh wire screen.

. Place a 47 mm diameter, 8 um pore size Nuclepore filter on the suppert
and close the valve to the flask.

1, Add 300 ml of the test fuel to the reservolr. Turn the vacuum pump on
and adjust the vacuum level to 2 inches of mercury with the valve clesed.

Simultarecusly, open the valve and start the timer. Rapidlyv make anv
fine adiustment necessarv to keep the vacuum at the desired level. Record the
time to the nearest tenth of a1 second for all the fuel to pass through the
filter,

. Using the same fillter, repeat steps 3 and 4 at vacuum levels cof 3, 4,
10, 15, 17.5, ard 20 {n Hg vacuum,

. Prepare & plet of flow rate in cc/sec-cm? versus vacuum level, Plot a
strafvht Tirme rhrough the f{rst three points and another straight line tnrough
the top three poirts. The flow rate where the two lines intersect should be
repcerted as the transition velocity 1in cc/sec-cm2,

/. Replace the filter for each additional fuel tested.

2,5.0.3.3 Modified Vyp Procedure.

1. Assemhle the apparatus shown in figures 2.11 and 2,12,

J. Place a Nuclepore polvcarbonate membrane filter on the l6-mesh wire
screen filter support and assemble the filter ratic tube. Close the ball valve
between the sample reserveir and the flask,

1, Set the :.1ght glass scanrers <o that the sample s{ze between the two
timing marks is 135 m1 which will be used in the ralculation of the superficial
velocitvy, Fill the filter ratio tube with the test fuel until {t overflows intao
the catch hacin,

4, Turn on the vacnum pump and adjust the vacuum level to 2 inches of
mercury with the ball valve closed,

5. Open the ball valve after the fuel sample has stahilized for one minute.
Let all the fuel pass through the filter and record the time fror the electronic
timer to the nearest tenth ~f a second,

. Close sample valve immediately after all fuel ;asses through filter.

7. Iairg the same filter, repeat steps ., 4. -4 5 at vacuum levels of 3,

4, 10, 15, 17.5, and 20 {pr. Hg vacuum,
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8. Prepare a plot of flow rate in cc/sec-cm? versus vacuum level. Filter
area for use in the computation i{s 4.45 cm?. Fuel volume for use in this
computation is 135 cc.

Superficial Velocity = fuel volume
time x filter area

Flot a best fit straignt line through the first three points (2, 3, and 4 inches
Hg) and another through the top 3 points (15, 17,5, and 20 inches Hg). The flow
rate where the two lines intersect is reported as the transition velocity in
cc/sec-cm>. See sample plot in figure 2,13,

9. Replace the filter for each additional fuel sample tested.

2.5.2.4 Results and Discussion.

The test procedures call for the PWA Vg apparatus to have a 300 ml sample size
and the modified Vp apparatus to have a 135 ml sample size. The flow per em? of
filter area can be determined as shown below:

PWA V1 Apparatus Modified Vr Apparatus
300 ml_ = 35.0 ml/cm” 135 ml = 30.3 ml/cm?
8.5 cm- 4.45 cm?

Thus, even though the modified sample size 18 65 percent less than the PWA sample
size, there 1s only a 15 percent difference in the flow per cm? of filter area
due to the smaller effective filter area of the modified Vr apparatus.

As shown in figure 2.9 and according to PWA Vg literature, Jet A fuel should
produce a transition velocity of 9 +2 cc/sec-cm? (reference 6). However, no
transition velocity for Jet A using either the modified or the PWA VT apparatus,
could be obtained by FAA personnel. FAA personnel found that when Jet A test
results were plotted (flow rate versus vacuum level), a linear plot was obtained
over a range of differential pressures from 2 to 20 inches of Hg with superficial
velocities of 4.8 to 76.3 cm/sec.

This test is not suitable for use with AMK samples with filter ratios greater
than 1.5. Using this apparatus on AMK samples with filter ratios greater than
1.5 may result in filter plugging and, therefore, inaccurate test results,

The transition velocity test method has onlv been used on a limited basis but has
been shown to have the abi{litv to detect changes ir AMK fuels at high levels of
degradation where the filter ratio test method loses accuracv,

A transition velocity of to 3 em/sec was established by PWA as an acceptabhle

level of degrader performance for the CID (reference 7).
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2.6 PUMP FILTRATION TEST.

2.6.1 Background and Theory.

The pump filtration test was developed by SWRI in order to characterize the
filterability of highly degraded AMK with a filter ratio less than 1.2, due to
the insensitivity of the filter ratio test at low values. A degraded AMK sample
characterized by the standard filter ratio test produced a FR of 1.4 using the
standard 16-18 micron stainless steel filter disk with an effective filter area
of 5.0 cm?. Fxperiments have shown that by decreasing the effective filter area
of the FR apparatus, the same degraded AMK sample showed a steady increase in the
resulting filter ratio (reference 8). These results are shown in figure 2,14,
The results show that the flow time of 4 to 6 seconds for highly degraded AMK in
the standard filter ratio test is too short to detect gel formation that can
occur within the filter. Tt would be possible to make a better determination of
the filter ratio by decreasing the effective filter area. This led to the
development of the pump filtration test which simulates the flow conditions that
would be encountered in an aircraft fuel system. Degraded AMK will filter like a
Newtonian fluid (Jet A) below the critical filtration velocity, but above the
critical filtration velocity, filter plugging will occur. The pump filtration
test is able to measure the flow resistance of highly degraded AMK through a
filter as a function of time.

FILTER AREA (0.2-5.0 cm2)
16-18 4am.SS Filter

1 1 L 1 L 1
20 40 60 80 100 120 140

4
FILTRATION RATIO “AMK“JET ‘) DIMENSIONLESS

JET A FLOW TIMES. s

FICURE 2.14 FFFECT OF FLOW TIME (AREA) ON FILTRATION
RATIO OF DEGRADFD AMK

2.6.2 FExperimental,

2.6.2.1 Apparatus,

The pump filtration apparatus is shown in fipures 2.15 and 2.16. The apparatus
determines the fifiterability of a degraded AMK sample bv measuring the pressure
drop acreoss a filter of known area as a function of time at increasing flow rates
by using a pump to force a fuel sample through the filter. The pressure drop
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across the filter 1s measured by a pressure transducer and recorded on a
stripchart recorder. A critical filtration velocity (CFV) can then be determined
by finding the highest flow rate at which the degraded AMK sample can flow
through the filter without resulting in a steady pressure rise in a specified
time interval and dividing by the filter area. Below the critical filtration
velocity, the pressure with an AMK sample is only slightly greater than with Jet
A and remains constant over tbe specified time interv~:l, and above the CFV, the
pressure continues to rise,

2.6.2,2 Equipment Specifications.

1. Metering unit, Zenith, Type 1ZM-4890.
2. Variable speed pumps, Zenith, 0.584 cc/rev, and 2.92 cc/rev.
3. Pressure transducer, CEC, Type 4-313, 0-10 psid.
4. Stripchart recorder, single pen.
5. Amplifier, Action Pak, Model 4051-203,
6. 1/2-inch stainless steel tubing:
a. 20 cm long with a 90° bend.

b. 10 cm long with square, polished ends. Note the end of tubing
must be polished so as to fit flush against the backup discs.

¢, 5 cm long with square, polished ends.
d. 5 cm long with one flared and one square, polished end (4 each).
7. 1/2-inch stainless steel union (2 each).

8. Stainless steel female branch tees with 1/2-inch tubing and 3/8-inch
pipe connections (2 each).

9, Stainless steel reducing unions, 1/2 inch to 1/4 inch (2 each).
10. Stainless steel tubing 1/4 inch, 3 cm long with square, polished ends.
11. Hose clamps 1/2 inch (3 each).
12. Tygon tubing 1/4 inch, 30 cm long.
13, Backup discs (D = 1.27 em L = 0,18 m):
ID = 0.356 cm (2 each), 0.1 cm? effective filter area.
ID = 0.504 cm (2 each), 0.2 cm? effective filter area.
ID = 0.714 cm (2 each), 0.4 cm? effective filter area.

l4. Tron-constantine type thermocouple shrouded with 18-inch tubing.

15. Digital readout, Omega, Model 199.
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A pump filtration test apparatus was assembled by the FAA Technical Center that
was based on the design of the apparatus developed SWRI. There were, however,
two differences in the FAA apparatus. First, the pump used to force the fuel
through the filter was a Masterflex Progressive Cavity Pump Model Number 7520-20
with a Model Number 7017-21 head made by the Cole-Parmer Instrument Company,
Chicago, Illinois. The second difference was the filter holder assembly that was
constructed to allow rapid changing of the test filter. Two quick change filter
assemblies were constructed. One had an effective filter of 1.28 cmz, and the
other had an effective filter area of 0.32 cm?. The FAA apparatus was used
following the same basic procedures as used for the SWRI pump filtration test, as
stated in section 2,6.2.3,

2.6.2.3 Procedure.

1. Sample Preparation - Pour two liters of fuel into a large separatory
flask. Place a No. 41 Whatman filter paper in a regular funnel and collect the
filtered fuel in a clean container.

2. Cleaning Procedure ~ After the apparatus has been used with AMK, flush
the pump thoroughly with Jet A. The removable components such as unions,
sections of stainless steel tubing, backup discs, and transducer adapter are
cleaned with trichloretnylene and acetone and then are air dried. The pump
should be taken apart after every 5-7 experiments and cleaned.

3. Apparatus Preparation - The fully assembled apparatus is shown in
figure 2.15. While satisfactory assembly of the various components might be
achieved by different methods, the following method has been found to minimize
the entrapment of the air in the system. Connect one end of the 1/2-inch tygon
tubing to the suction side of the pump and place the other end of the tube in a
clean container that holds approximately 2 liters of fuel. Fill this container
with filtered fuel (see item 1 for filtering procedure). Raise the baseplate of
the pump slightly to help displace air from the lines as they are filled.
Connect the 1/2-inch stainless steel tube with the 900 bend to the discharge end
of the pump so that the down-stream end of the tube is vertical. Fill the lines
at a relatively high flow rate (30 ml/min). Return the baseplate to its original
position, and then connect the thermocouples, pressure transducer, and the plece
of 1/2-inch stainless steel tubing with polished end as shown in figure 2.16.
Note: The polished end of the tube should be positioned downstream so as to fit
against the filter backup disc. Restart the pump, and fill the remainder of the
line with fuel.

Place the filter element between the two backup discs and insert all three
components into a 1/2-inch union. Almost any type of filter material can be used
that has sufficient structural integrity and that can be cut into a disc-shaped
element. Set the pump at its lowest output (almost zero flow) and continue to
fill the system until a convex meniscus 1s formed at the top of the tube. This
procedure helps te prevent air entrapment below the filter.

Caution: Because of the vertical positioning of the tubing, there is a
tendency for fuel to flow back througli the pump when it 1is shut off. Since
this may draw air into the system, it is ':-isable to leave the pump
running at a low speed for the remainder or the test.
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Next, attach the union that contains the filter and the filter backup discs to
the fuel line and tighten the entire assembly. Also connect the pressure
transducer lead to the amplifier and recorder. (The pressure is measured
immediately upstream of the filter. Use of the transducer in the differential
mode was found to make it difficult to remove air from the system.) To further
insure that all the air has been removed, place a rubber stopper in the end of
the union and allow tne pressure to build up for a few seconds. Quickly release
the pressure by removing the stopper and check for the evolution of bubbles.

Caution: Do not exceed the pressure limit of the transducer (10 psi).

Repeat this procedure two or three times or until no bubbles are observed.
Finally, connect the remaining pieces of tubing as shown in figure 2.15,.

4. Conducting tne Test -~ Before conducting experiments with AMK, the system
should be checked with Jet A, This will insure that the apparatus has been
adequately cleaned (item 2) and that the filter has been properly installed (item
3). For example, the pressure with Jet A should not increase over the 2-minute
flow time that is used in this test. TIf the pressure increases with time, either
the fuel is contaminated or the apparatus has not been cleaned adequately. In
any event, the apparatus should be recleaned, a new filter installed, and the
system retested with a fresh sample of filtered Jet A. Tf the pressure remains
constant but appears to be higher or lower than normal (this can only be
determined by experience), the filter should be changed and the system again
checked with Jet A. If the results with Jet A prove to be satisfactory,
experiments can then be conducted with AMK, Tt is unnecessary to reclean the
apparatus after the experiments with Jet A. The lines are merely drained and
then flushed with AMK. Furthermore, the same filter should be used, however, the
1/2-inch union that holds the filter should be removed and the system refilled
with AMK according to item 3 to insure complete removal of tne air from the
system.

At least duplicate experiments should be performed with each sample of AMK.
Without any prior knowledge of tne critical filtration velocity (CFV), it is
advisable to start at a low velocity, such as 0.25 cm/s using tne filter backug
discs that give the largest effective filter area (i.e., 1D = 0.714 cm. 0.4 cm
filter area) and increase the velocity by 0.25 cm/s until the pressure starts to
increase with time, If no pressure increase can be found, change the filter
backup discs to the next smallest size, and again start the pump at a low
velocity. Increase as before until the pressure starts to increase with time.
Repeat this procedure until the proper size filter backup discs are found that
will cause a pressure rise with time within the flow rate of the pump. This
procedure works well for paper filters and relatively fine metal screens ({.e.,
16-18 um or less); however, for larger metal screen (40 um or greater) it is
suggested that one start at a velocity of 1 to 2 e¢m/s and increase the velocity
by proportionately higher increaments.

Cenerally, the experiment is not terminated after the first point at which the
pressure increases with time. Rather, the rate of pressure rise is measured at
Increasingly higher flow rates until either the maximum pressure of the
transducer or the maximum flow rate of the pump is exceeded. These data are then
plotted to make a better estimate of the CFV, A second experiment should be
conducted to more accurately estimate the CFV, In this second experiment, a new
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filter must be installed and the lines purged of air as described iIn item 3.
Measurements are then made near the estimated CFV using smaller increments than
were used in the first test.

J.0.2.4 Results and Discussion.

The pump filtration test is able to determine the filtration characteristics of a
degraded AMK sample by measuring the critical filtration velocity. Using the
critical filtration velocity to measure the degradation level of an AMK sample
appears to be a more sensitive test method than the filter ratio test at low
filter ratio values., One would expect that a sample of highly degraded AMK with
a filter ratio of 1.2 would exhibit filtration characteristics similar to Jet A
when, in fact, significantly different results were found when the sample was
tested with the pump filtration test (reference 8). Figure 2.17 shows the pump
filtration data for Jet A and the degraded AMK (FR = 1.2) which showed definit.
evidence of filter plugping. This test can easily distinguish between degraded
AMK samples with different degradation levels as shown in figure 2,18 which shows
MK samples degraded at different specific degrader powers.

The FAA deteruined, using the FAA pump filtration apparatus, that the critical
flow velocity could also be found for undegraded AMK. The critical flow velocity
of an AMK sample appears to be related to flow rate, effective filter area, and
tilter tvpe tor all degraded and undegraded AMK samples by finding the right
combination of these variables. For example, the critical flow velocity of a
highlv degraded AMK sample was 1.2 cm/sec using a 16 to 18 micron metal screen
with an effective filter area of 0.1 em?, and the critical flow velocity of an
nndeyraded AMK sample was 0.34 cm/sec using a 40 micron metal screen with an
effective filter area of 1.28 cm?.

2.7 CEL PERMEATION CHROMATOGRAPHY.

2.7.1 Background and Theory.

The antimisting fuel of this Program consists of Jet A aircraft turbine fuel that
is mixed with a low concentration of FM-9 polymer. FM-9 polymer is a high
nelecular weight polymer, or in other terms, a large molecular size polymer. 1In
order for FM=9 antimisting fuel to be compatible with fuel systems components of
2 turbine engine, the AMK must be degraded before it is introduced into the
cipine fuel svstem, The process of degrading AMK takes place by passing the AMK
throuph a mechanical device that produces high shear forces. AMK has been
degraded using a high-speed centrifugal fuel pump, a gear tvpe fuel pump, and bv
massing AMK through a needle valve at high pressure. On a molecular scale, the
process of degrading AMK takes place by shearing or breaking the large molecular
size M=% polymer molecules into molecules of much smaller molecular size. The
standard laboratorv characterization tests, such as the filter ratio and cup
tests lack the sensitivity needed to adequately characterize highly degraded AMK
fuel samples with filter ratios less than 1.5. Gel Permeation Chromatographv
O measrements were made on highly degraded AMK samples in an attempt to
obtain a test rethod that would give a more sensitive characterization of highly
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GPC, also known as Size Exclusion Chromatography, is a test method that is used
to separate the molecules of polyvmer solutions on the basis of molecular size.
GPC iz a convenient test method for measuring molecular weight distributions and
average nmclecular weights, provided there are polymer standards available for
calibratirg the equipment's packed columns. The separation process of GPC is
based on entropic interactions with a packed column. Therefore, the retention of
the molecules is dependent on the molecular size of the polymer sample and the
physical characteristics of the equipment's packed column.

Ay

2.7.2.1 Apparatus,

The Perkin-Elmer Series 2 Liquid Chromatography system used by the FAA for GPC
reasurements is pictured in figure 2.19. The molecular size distribution of a
folvrer solutien is obtained by passing a sample through the packed GPC column
which separates the molecules by molecular size. The column is packed with
polvstrene gel of known geometry and pore size. The largest molecules of the
polymer solution tend to flow through the packed column and emerge first hecause
thev «are too large ro permeate the pores of the packing. When the polvmer
molecules approach the pore size of the packing, they start to diffuse into tle
internal structure of the packing and elute at later elution times. The smallest
matecules which can freely penetrate all of the available pore volume elute last
from rhe colurn. A diagram of this process is shown in figure 2,20, Tt is
important that the GPC columns are chosen with a pore size range approximately
equal to the range of the molecule sizes in the polymer solution.

The GPC apparatus generates a chromatogram that gives the complete molecular size
distribution of the sample based on elution volume versus time. The peak elution
volume is fndicative of the average molecular size of the sample polymer solution
(reference 2). Using the information obtained during the GPC process, there are
focur relecular averages that can be determined. The number-average molecular
weight (Mn), weight-average molecular weight (Mw), Z-average molecular weight
(Mz), and polydispersity (Mw/Mn) are defined by the following equations.

Mn = NiMi = Wi
Ni Wi/Mi

The number-average results from a process in which every molecule is counted in
the same way, regardless of mass. This average is obtained by dividing the mass
of the polyvirer sample by the total number of chains present. Wi and Ni are the
weight and number of mclecules of molecular weight, Mi, and i is the incrementing
index over all molecular weights present,

Mw = NiMil = WiMi
NiMi Wi

The weight-average results from a process in which each molecule contributes to
Mw in proportion to the share of its mass.

5 NiMi3
Mz = I NiMi.

The 7-7rage is determined from the refractive Index difference between the
polrreric solution and a solvent, -

Mw

n
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The polydispersity is determined by measuring the breadth of the polymer
molecular weight distribution. The Perkin-Elmer Sigma 10B data processing unit
calculates a calibration curve for the packed column based on the retention times
of the polystrene standards and then produces a data table that includes the
above parameters, a normalized weight distribution plot and a chromatogram for
the test sample, and all this is done automatically by the software provided with
the unit (reference 9).

2.7.2.3 Equipment Specifications.

2,7.2.3.1 FAA GPC.

a. Gel Permeation Chromatography Apparatus, Perkin-Elmer Series 2
Liquid Chromatograpny System, which consists of two Series 2 Liquid Chromatograph
LC-100 Column Ovens, one LC-15 UV Detector, one LDC Refractomonitor optical unit
and control unit, one Cole Parmer dual channel chart recorder, Model 8378-20, and
one SEC-2 Environmental Chamber. This system is interfaced with a Perkin-Elmer
Sigma 10B data processing unit,

b. Solvent, Tetrahydrofuran, (THF).

c. Columns, Shodex A 80 mls, a short columm (8 mm ID x 250 mml)
packed with four different gels for a molecular weight range of 1,000 to 50,000
MW, a Shodex A 805/S for a molecular weight range of 100,000 to 50,000 MW, and a
Shodex A 805/S for a range of 10,000 to 5,000,000 MW.

d. Calibration standard, polystyrene base, polymers.

2.7.2.3.2 JPL GPC.

a. Gel Permeation Chromatography Apparatus, A. Waters Associates,
Model 6000, high performance liquid chromatograph.

b. Solvent, Tetrahydrofuran.

c¢. Columns, four styragel columns 106, 104, 103 and 500 A molecular
weight.

d. Calibration standard, commercial monodisperse polystyrene
fractions.

2.7.2.3.3 SWRI GPC.

a. Gel Permeation Chromatograph Apparatus, Waters, ALC 100 Unit,
equipped with differential refractiometer and UV detectors.

b. Solvent, Tetrahydrofuran.

c¢. Columns, four l-foot microstyrogel columns (106, two 105, and 104
A molecular weight.

d. Calibration Standard, high molecular weight polystyrene, 3.8 X 166
molecular weight.
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2.7.2.4 Procedure (Perkin-Elmer Series 2 Liquid Chromatography System)

1. Assemble the GPC apparatus that is shown in figure 2.19. Follow all
manufacturers Instructions and precautions that are given in the operation manual
that is supplied with the apparatus,

2. Turn on the power to all units of the GPC apparatus.

3. Fill the solvent bottle with tetrahydrofuran and purge with helium for
3 minutes,

4, Open drain valve on Series 2 pump module.
5. Vent the sclvent lines with 30 ml THF.

6. C(Close drain valve.

~4

Turr on pump, set speed to 3.0 ml per minute.
8., Check visual UV absorbance readout and set to zero.
9. Turn off pump. Connect the analytical column.

1¢. Set pump speed to 1.0 ml,

11. Allow THF to flow through the column for 20 minutes.

12. rheck UV absorbance, zero if possible.

11, Ffet up the Sigma 1 data processing unit for data collection.

14, Prepare the column calibration standard, dilute the stock polystyrene
standard with THF to a 10 to | ratio. Filter the solution using the Perkin-FElmer
filtration kit for organic sample preparation. Follow the instructions supplied
with the kit.

15. TInject the polystyrene calibration standard into sample loop through a
Pheadvre 7125 Injector with a 10-microliter sample loop. (This is done to obtain
a calibratien curve for the packed column relative to a polymer of known
molecular welight).

16, Activate Sigma.

17. Obtain chromatogram.

18. Push data stop on Sigma.

16, Prepare the AME sanple according to step 14,

20, Flush sample loop per steps 10 thre-~h 12,

21, Set up the Sigma 10R data processing unit per step 13,
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Inject the diluted AMK test sample into the sample loop per step 15,

23, Activate Sigma,

24, Obtain the chromatogram; table of molecular weights based on time or
volume of solvent eluted; an average number, weight, and Z molecular weight; and
a log molecular weight versus wefight distribution plot from the Sigma 10B data
processing unit for the AMK test sample.

25. Push data stop on Sigra.

26. Allow Jet A peak to elute on recorder.

2.7.2.4 Results and Discussion.

Based on a limited amount of testing conducted by the FAA, JPL, and SWRI, gel
permeation chromatography appears to be a more sensitive test method than filter
ratic or the cup test for characterizing highly degraded AMK, Table 2 shows that
the weight average molecular weight determined by the GPC test can indicate the
degree of degradation of AMK samples degraded in a blender for various lengths of
time. Even though the degradation times are relatively close in some cases, the
weight average molecular weight results can distinguish between them.

Gel Permeation Chromatography is a convenient test method for measuring molecular
weight distributions and average molecular weight provided that polymer standards
are available for calibration of the packed columns. Since the calibration stan-
dards used for antimisting fuel testing are polystrene standards, the values
obtained for the average molecular weights of the AMK sample are only relative
numbers based on the calibraticn standard (reference 10). For the numbers to be
absolute, an FM-9 polymer calibration standard would have to be used.

Mannheimer, of SWRI, reported GPC results in terms of the peak elution volume
(PEV) which approximates the average molecular size of the polymer sample.
Testing conducted at SWRI determined that there was a correlation between the
peak molecular weight and the filter ratio of degraded AMK samples. It was also
determined that the results produced from gel permeation chromatography may not
indicate the filter plugging tendencies that are sometimes exhibited by degraded
AMK samples that were degraded immediately after inline blending. This tendency
appears to be caused by a small quantity of poorly solubilized FM~9 polymer which
can readily clog a fine filter such as the filter in the filter ratio test
(reference 2).

2,8 DIF SWELL TEST.

2.8.1 Background and Theory.

Researchers determined that FM~9 antimisting fuel additive would have to be
inline blended into the Jet A fuel at the alrcraft's refueling point for the
concept of the use of antimisting fuel in the civil aviation fleet to be
feasible. With the successful development of the inline blending process for
antimisting fuel, it became apparent that there would also be a need for a single
real-time quality control test that could access the quality of the antimisting
fuel in the fuel tanks of an aircraft before the aircraft proceeded for takeoff.
E The die swell test was developed for antimisting fuel by SWRI and further

q

modified by the FAA as a real-time quality control test for AMK,
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Capillary tube experiments conducted bv Mannheimer of SWRI showed the
viscoelastic behavior of antimisting fuel when the critiral shear rate was
exceeded. This visceoelastic behavior became apparent when the flow stream that
was discharged from the capillarv tube exhibited swelling (increase in diameter)
caused by large normal stresses that are reported to be 10 to 100 times greater
than the shear stresses (reference 11).

The antimisting phenomenon that is characteristic of dilute polymer solutions
appears to be a result of the high extensional viscosityv of the solution., Since
attempts to measure the extensiconal viscosity of antimisting fuel were not
successful, die swell measurements were conducted to estimate the normal stresses
developed by AMK at high shear rates. Ry the use of an optical measurement
device, die swell (diameter) measurements can be made of the flowstream issuirg
from a capillary tube. The amount of swelling (increase in diameter) is directly
related to the polvmer concentration in the test sclution and is proportional to
the normal stresses that are developed.

Since the development of large rormal stresses occurs at high shear rates, the
amount of swelling is, therefore, related to the shear rate developed. The die
swell test apparatus can vary the shear rate by increasing or decreasing the

speed of the hvdraulic pump to change the flow rate of the AMK test sample

through the capillary tube. The apparent shear rate can be varied from 400 sec™!
to 17,435 see™! b chancine the setting on the hvdraulic pump. To standardize the
die swell test method, the following pump settings were chosen for testing.

PUMP SETTING SHEAR RATE (SEC~1)
14 4409
16 5311
18 6279
20 7340
22 8450

All of the pump settings shown above produce shear rates above the critical shear
rate of FM-9 antimisting fuel, which {s the point where AMK begins to exhibit
non-tewtonian flow behavior.

2.8.2 Experimental,

2.8.2,1 Apparatus.

The prototvpe die swell apparatus that was constructed by SWRI, and used for all
die swell measurements during the AMK program, is shown in figure 2.21. A
schematic of the major components of the die swell test apparatus is given in
figure 2.22. The main components of the die swell test apparatus are the
hydraulic cvlinders, the capillary tube, and the optical measurement sensor.
There are two hvdraulic cvlinders connected in tandem. Cne hydraulic cvlinder is
controlled bv a 7Zenith precision metering pump svstem., Diverting the direction
of the flow from the metering pump to opposite ends of the hydraulic cvlinder
causes the cylinder to operate In forward and reve-se direction. This causes the
tandem cylinder to functicon as a pump. TIn one directior, the antimisting fuel
test sample i< leoaded Ipto the hvdranlic cvlinder from the sample reserveir, and
in the opposite direction, the AMK {5 pushed out of the hvdraulic cvlinder where
it is discharged through the capillary tube.
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Tvpicallv, when AMM is pumped bw a mechanical pump that shears the fuel, the AMK
becomes depraded to some extent.  The use of the hydraulic cylinder as a pump
Leeps the tevel of unintentional degradation of the AMK sample to a minimum. The
*ost fuel sample is loaded into the hydraulic pump cvlinder at a low metering
pump setting also to minimize any unintentional degradation of the AMK sample.

After the fuel s discharged from the hvdraulic cvlinder pump, the fuel passes
throuyh the capillarvy tube at a fixed shear rate determined bv hvdraulic metering
oump settine,  The shear rate can be changed by changing the pump setting (flow
vater o0 the faodranltic metering pump. This affects the change in the speed at
which the picton of the hvdraulic cvlinder pump moves ard the flow rate of the
AME ehanges accordinglyv.  When the flow rate of the AMK is increased, there is o
corressonding increase in pressure at the inlet of the capillary tube which
e e whear rate ta he increased, due to the increase in flow throush the
i e tebe 08 fived Jdiameter,

S e etirdicting fuel s discharged from the capillarv tube, the die swell
e ey ent dw omade, The diameter of the flow stream is measured hv an optical
“ the capillary tube and the output is recorded on a
ctrTe o chart recovder,  The pressure drop across the capillary tube is also
vl ey g opressure transducer located at the inlet of the capillarv tube,

T rewoare drop measurenent is made at the same time the die swell measurement

e oo s alen recorded on the strip chart recorder. Pressure drop and die
LU recsurements are made at five different cshear rates which are indicated bv
the specitiod setting of the hvdraulic metering pump, A tvpical strip chart
o oot complete die cwell test for FM-O antimisting fuel is shown in

Cioore 003, along with with a legend for the data on the strip chart recording.

Ceme e 0 ie o the ond o

“
.

ot ity recerded on o the strip chart during the test procedure, a determina-
tics o the o fective concentration of the antimisting fuel test sample can be
“iale aneiee the quality control curves generated during the initial development of
che i wwe il apparatus. The complete set of qualitv control curves consist of
“weoLromps of curves separated according to the age (time after blending) of the
he wet coneicts of a S5-minute-ald AMK curve group and a 20-minute-old AMK

-

curve croene, o Fach group consists of seven curves: five curves show the pressure
Srton o verens concentration at oeach specif{ied shear rate setting, one curve shows
the et Jiamerer vercus concentration at a shear rate of 4409 sec‘l, and one
covye chews the deltn Jiviaeiogs verasus concentration., Figures 2,24, 2,75, and

o cbow the corplete set of curves for S-minute-old FM=9 antimisting fuel.
oo 0 tauniprent Goecitications,

oo Metsrive Pump, Zenith Precision Metering Svstem, Model UM, manufactured
itk Urouete Compapy, Yest Newton, Massachusetts,

Pedranliec Distribution Vaive, manufactured by Victor Fluid Pover,

T, el i tark, {1 inod s,
' Hedrapgiie tivlinder, 2.5=inch hore x 13=-inch stroke, Model 71 .,
o sty re D b irte e Tl id Power, Hammond, 10 iana (3 required).
Pt Cenaar o with Anales Voltave Output, Model 844800, manufactured

rhepder Inetrurente, Inc., Hackensak, New Jercev.
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S 5. Strip Chart Recorder, Model 242, manufactured by the Soltec

'\ Corporation, Sun Valley, California.

[}

oy

Ry

. 6. Stainless Steel Capillary Tube, internal diameter 2,95 mm, length

R 281.725 mm (L/R = 191).

)

3; 7. 25 psi Pressure Transducer.

q'i

)

:3 8. 10 psi Pressure Transducer.

» 9. 3/8-inch Swagelock Ball Valve.

!

%: 10. 1/4-inch Swagelock Ball Valve.

¢

. .
ﬁo 11. Suitable reservoir for test fuel and hydraulic fJuid.

: 12. Stainiess steel tubing, 1/2 inch, 3/8 inch, 1/4 inch, and 1/8 inch

;G outside diameter.

J& 13. Miscellaneous Swagelock Fittings for tubing, specified in Number 12,

M

5 2.8.2.3 Procedure.

ZQ 1. Remove the cover from the unit. Place a pail under the drain.

:1 2. Put the hydraulic reservoir in place and fi1l1 it with filtered

c} hydraulic fluid. Cover the reservoir with aluminum foil.

0 3. Put the AMK reservoir in place and secure it. Keep the reservoir

' covered as much as possible.

.h.

19

2 4, Place the sensor assembly in the track.

)

4

5. Secure all electrical connections.

'{ 6. Adjust the zero reading.

'y

3 7. If the unit cannot be zeroed, it is necessary to clean the glass

;; surfaces of the sensor by loosening the Allen screws on the right hand face of

the sensor. Use an alcohol swab to clean the surfaces. Reassemble the sensor

M using caution when securing the Allen screws, since the body is made of aluminum,
o

3 8. Put the span unit in the sensor. FKeep the span unit in the green area.
U Adjust the reading to 5.99 mm,

h

: G. Repeat steps 6 and § as necessary.

Ly
B 10,  Put the capillary tube in place and carefullv align the sensor. Lock
’: the sensor in place (large Allen screw on the bottom surface). Gently secure the
4: cat's eye clamp. There should be enough adjustment to either cover the tube with
i: sensor unit or have the tube completely uncovered

3 Il. Check the sensor calibration by running the sensor over the capillary
f tube. At least ] cm of tube should be in the sensor. It should read 3.275 mm

5 +0.005 mm.

‘4
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e
C.'
i) ;\:
,¢: 12, Make sure the tube is ! mm from the sensor. To do this, turn the
*;: adjustment knob so that the unit just begins to sense a change from zero. Back
e off 1 small division ({.e., 1 mm).
oy 13. Pour about 1 liter of the test sample in the reservoir. Open both
Qﬂ_ valves. Allow enough sample to discharge so that the air 1is purged from the
o lines, Close the valve to the capillary tube.
P
]
e 14, Set the pump speed to 10, Start the pump in Neutral (Neutral is the
center position). Load the cylinder by placing the pump in reverse (move the
By handle to the right). After the mark appears in the sight glass, put the pump in
5& N Neutral. The pump may be left in Neutral for a limited period of time. Do not
;\¢~ allow the reservoir to run dry.
) *'
l‘ L]
Q&j 15. Select flow rates and shear rates from the calibration chart. Set the
pump speed to the starting position. If the tube is horizontal, start with a
N shear rate greater than 4000 sec™l so that the jet does not droop below the green
. area.
o
20
N 16. Check voltage settings on the die swell unit and the strip chart.
'0 A
{s 17. Record all the data on the strip chart including the date, time, fuel
s type, and voltage/scale settings.
ol
" .l‘
»?:- 18. Close the valve to the reservoir and open the valve to the capillary
[ tube.
19, Start the run by moving the pump control lever to the left. After
Y making the reading, the pump speed may be changed as the pump is moving. Do not
,f'i exceed the cylinder limitations. This may take as little as 15 seconds at the
~})§ higher flow rates. Record the die swell indication.
o)
paly}
e 20, To reload the system, drop the pump speed to 10. Close the capillar
y
) tube valve and open tbe reservoir valve. Do not draw air into the system.
&N
«jy 21. Repeat steps 10 through 20 for all the points selected in step 15.
1
g
A\ﬁﬁ 22. At the end of the run, pump all fuel from the cylinder by going full
I N forward. Open the reservoir valve and allow the sample to drain out.
‘}5J 23. Remove the reservoir and capillary tube. Cap the fittings and clean the
T tube and reservoir.
o _-.‘J
b -(':-'
Lo 24, Turn off all power. If the unit will be idle for an extended period of
” time, remove the hydraulic reservoir and cap the line and secure cover.
**rc 25. Reduce the data according to the following procedure. Some key
) parameters are listed below.
e
. d.‘-v
o
2 51
9
N
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o AMK = 0,808 gm/cm3 @ 15°C
D = 2,90 mm (used for 8V/D cal.)
L/R = 191
D = 2.94 mm (used for die swell calculations)
8/VD = 6.68Q where Q is ml/min
8V/D is sec~l
T12 =

180.3 AP where AP is Bsig
12 is dyne/cm

n = Slope of the shear stress versus corrected shear rate curve, Pa sec
n' = Slope of the shear stress versus uncorrected shear rate curve, Pa sec

(a) Determine the total pressure drop based on the strip chart
reading.

(b) Determine § based on the calibration sheet.

(¢) Calculate 8V/D by multiplying Q by 6.68. The units are sec~l

(d) Calculate T1y9,, the apparent wall shear stress, by multiplying

the total pressure drop by 180.3. The units are dynes/cmz. Divide by 10 to get
Pa.

{e) Read D; off of the strip chart or by recording the indicator

readings. 1f the indicator readings are recorded, cross check with the strip
chart.

(f) Calculate Dj/D by dividing Dj by 2.94 mm. The result is

dimensionless.

(¢) Plot Di/D verses 8V/D on semi-log paper for comparison purposes.

(h} Plot 112a versus 8V/D on a log log scale. This shows the linear
area for calculating n'

(i) If available, determine the corrected pressure drop of the
different shear rates by plotting the pressure drop for a number of tube lengths
(L./R = 300, 300, and 400) for a given radius and shear rate. Determine the end

correction bv plotting the y-Intercept of the data. The corrected pressure drop
ie:

F. = AP - P,
where P. is the corrected pressure
Pe 1s the end correction
Correct P for {nertial effects by subtracting 1.1 QVZ, P=pP. - 1.1 DVZ
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(j) An alternate is to use the wall shear stress technique developed
Crad at the Technical Center (reference 1). In this case,

P = the pressure meaqured across the two taps (psid) and
5.\' 1, = 180.3 Py (dyne cm?), for L/R = 191, r = 2.90
{-_.‘: P

o Generally, 112 = A,
where A, is the area of the tube wall.
oy (k) Plot '12 versus 8V/D on log log paper.

v n' =d log T12
- d log 8V/D

e An easy way to calculate n' is t» do a linear regression over the linear region
A determined above. The slope is n'

- 1) Calculate 9R the corrected shear rate:
i Ta -(3 +al/n') (%y_)

"

J (m) Calculate n

:ﬁ - d log 7|7

gy dlog y R

.

=\ L
L ol 2

-
-

n) Calculate ("ll - 22) the normal stress for a given shear rate
using:

- £
5 %
> L &L

o
» s M

(v,, - v,,)1.
1 12'7 6lm 7o+ 1

2
(%) (n' + 1+ 918 D/Dj)
] d Tog 8V/p

(o) Plot 11> and vy] - voo on a log log scale versus R
(p) The intrinsi. viscosity for a given shear rate is:

D(8V/D (n' +1 3n+1)

S

- ‘ n ‘=)
2, 1'.-’?‘?.'1’

ol ol

-
.-
.

N =R P/2L or D P/4L

YR Y g

P x
- v
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2.8,2.4 Results and Discussion.

The initial teuting of the die swell rheometer was conducted with inline blended

AME that was blended from the same batch of slurry. All of the slurrv contained

IM-9 polymer f{rom the same polymer lot. The initial testing led to the

conclusion that the actual concentration of an AMK sample could be determined

usinrg the die swell test procedure. However, when AMK samples blended from

slurries that contained FM-9 polymer from different polymer lots were tested, the

die swell rheometer did not determine the actual concentration of the AMK

samples. The antimisting fuel samples produced from different slurries with

different FM~-9 polymer lots produced varying die swell measurements even though .
the AMK sumples had the same polymer concentration. Further testing revealed
that even though the AMK samples had the same polvmer concentration, the samples
bad slightly different antimisting properties and flammabilitv protecticn as
determined by filter ratjo, cup test, and wing spillage test results. This
accounted for the difference in the concentration determined by the die swell
rheometer.

For the die swell rheometer to be an effective quality control test, it was
necessury to find a correlation between the determined concentration measured by
the die swell apparatus and the flammability protection provided by the same
Antimisting fuel. VUsing the quality control curves that were generated during
the initial development of the die swell rheometer using the same batch of slurry
from the same pelymer lot, researchers determined that an effective concentration
could be determined. The effective concentration 1s relative to the antimisting
properties of the initial slurry batch and can be determined by using the
following formula (reference 12):

EFFECTIVE CONCENTRATION = x + y + z
3

where:

% = The effective concentration from the Die Swell versus Concentration
Curve,

v = The average effective concentration from the pressure drop versus
Concentration Curves, and
v = The effective concentration from the differential pressure versus
Oorneertration Curve. -

Menrrvelation was deveioped hetween the effective concentration and the
fiammability protection provided by the antimisting fuel on the Wing Spillage
Facility at the FAA Technical Center. The correlation between the Wing Spillage
teat results and tne effective concentration is shown in figure 2.27.

* s

[ ]

e

Nie «well teat results have also shown that there is a lTinear relationship
hetween polymer concentration of the AMK sample and the maximum apparent

viscosity when corrected for visconelastic - ' effects caused by the capillary
tuhe.  Sinee it 1s very dJdifficult to estimate ¢ '» end effects, the Technical
Cerreor modified the Jdie swell rheometer by instalilng two pressure taps in the
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capillarv tube which allowed for the measurement of differential pressure in the
capillary tube. The shear stress and apparent viscosity could then be determined
without the reed for end correcticns (reference 12), and by changing the
positions of the pressure taps in the capillary tube, the effect of residence
time at 2 Ligh shear rate was also investigated.

The die swell rheometer shows the potential of being an effective real-time
gqualityv contrel test that can access the antimisting properties of AMK
immediately after irline blending. Using the pressure drop and flow stream
diameter measurement obtained from the die swell rheometer, the effective
concertration of an antimisting fuel sample can be determined, and there is a
linear relaticnship between the effective concentration and flammability
protection cf an AMK sample.

2.9 LOW TEMPERATURR CEL FORMATION TEST,.

2.9.1 Background and Theory.

Experinents have shown that some cold (-30°C) FM-9 AMK fuels form a stable gel
when slightly agitated at low temperatures (reference 10). This gel formation
Teada to poor low temperature pumpability and excessive fuel holdup in fuel
tankse. The lcw termperature gel formation test was developed and used by Jet
Propulsicon Laboratory as a quick and repeatable means of identifying individual
AMK samples which exhibit this behavior at low temperatures., Very low
temperature AMK fuel is passed through a metal screen to observe any transparent
cel that may form or be collected on the top of the screer, The test is based on
visual observations of the gel collected on the screen when inline blended AMK
fuel is tested.

2.9.2 FExperirental.

.9.,2.1 Apparatus.

The low temperature gel formatjon test apparatus consists of ordinary laboratory
equipment that is readily available in most laboratories. A filtering flask {is
used to hold a measured quantity of an AMK fuel sample. The flask is then
fnerted, sealed, and cooled. After the fuel has reached ~259C, the sample is
then stirred for a fixed period of time. This agitation causes any gel formation
which is poing to take place. JTmmediately after stirring, the AMK sample is
poured through a metal screen.

S 9.0 Fquiprment Specifications,

1. Filrer flask, heavy wall, 1000 ml.
I~hole rubber stopper, No. 8.

1. Therremeter, =35 to 5000),

4. Tubirg, 3/8 fnch I.D,
Stoepcock, 1/8 inch.

f. Ul aqeetone bath,

56




7. Drv nitrogen gas.
&, Magnetic stirrer,.

9. Stainless steel screen, &4 mesh.

1. TInsert the magnetic stirrer and pour 400 ml of an AMK fuel sample into
the filtering flask and place the stopper in the top of the flask.

~

2. Insert the thermometer through the stopper into the flask so that the
bulb of the thermometer is immersed in the AMK,.

By

3. Attach one end of the tubing to the flask and the other end to the
stopcock. Next, connect the stopcock to the nitrogen gas supply.

4, Inert the head space above the AMK sample with dry nitrogen gas, and
then close the stopcock.

5. Disconnect the nitrogen gas supply from the stopcock and immerse the
flask halfway into the COn/acetone bath at -30C.

6. After the AMK sample reaches -25°C, turn on the magnetic stirrer.
7. Continue to cool and stir the fuel for 10 minutes,

8. Immediately after the 10-minute periocd, pour the AMK sample through a
L-mesh stainless steel screen as fast as possible.

9. Make a visual observation of any transparent gel on the top of the
screer. Note the relative amount of gel and its behavior with time (warming to

ambient temperature).

2.9.2.4 Results and Discussion.

The low temperature gel formation test provides a laboratory scale simulation of
the low temperature and agitation that could be encountered in an aircraft fuel
tank during actual flight conditions. The results of this test should only be
used as an indicaticen of which AMK samples warrant further large-scale evaluation
in a test facility.

The variables for this test method are temperature and agitiation. The
temperature and agitation imparted on an AMK sample should be held constant and
repeated each time the test is done. This allows a direct comparison of the low
temperature behavior of different AMK samples, The test Is a pass or fail,
cepending on the collection of gel on top of the screen, because when batch
blended 0.3 percent FM-9 AMF fuel {s used as the test sample, no gel is collected
on the screen (reference 13},

'\\U\-‘:"\'L ‘ ‘_.i
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,}\} 2 10, INFRTUAL RHVOMETRIC PUMP TEST,
P s ) o
.'\‘-' Yooy Ryt . . oy
B a™ Joi b Baceground and Theory .
) The lrertial Rheometric Pump Test was developed at the TTAA Technical Center in
55} order to measure the antimisting properties of antimisting fuel., A U.S., patent
\ﬁﬁ wan awarded to the test ir September 1983 under the title of "Rheological Testing
:::-:‘ Mothod, "
NN
M
Jet b tuel is o fleid which exhibits Newtonian flow behavier where the low is
directiy propertional to the force applied to the fluid., This test is based on
o Proy PP
.ﬁ\J the tact that when Jet A fuel is mixed with a small amount of o high molecular
'I:- pelarer, the resulting antimisting fuel exhibits non-Newtonian flow behavior
’$\: where the flow 07 AMY fs no longer directlv proportional to the force apnlied.
llfﬂ ‘vootter worde, the tlow of AMF remains proportional to the force applied vp to a
* point where the tlow will then decrease or increase at a slower rate as more
. a Force e appltied (reference 14),
i-‘\
z::} The test was designed by using a fluid metering pump to apply the force to the
..o test ctuel, The pump is a positive displacement piston pump with a variable
A pump P P P pump
}al cislon atroke. By varving the stroke of the piston, the displacement of the pump
[ - '3 : 3
» chapces and affects a change in the force applied to the test fuel. This happens
because the Fleid flew is discharged from the pump through a tube of fixed
.$\ dimensione finside diameter and length). The force chanpes due to the fact that
‘3&' a laryer or smaller quantity of fuel is being forced through the tube. The tube
QO cimencions were determined by testing so that the force applied in the range of
:#2 the purp wenld he above and below the critical shear rate of the antimisting
Tuel.
. . . .
NS el Experinental.
AN
-._1.
;:\2 2.10.2.1 Apparatus.
}".‘_
J The major component of the Tnertial Rheometric Fump test is the FMI lab pump
< Tpa0- which is a positive displacement piston pump. The delivery volume of the pump can
gt . .
. he varied by charging the stroke of the piston in the cylinder. By changing the
Ny P y y
o stroke of the piston, rather than restricting or bvpassing the flow, the pump
S remains o positive displacement pump.
ot P P pump
[ ]
D o . . .
= The test is conducted bv operating the FMT lab pump to draw the antimisting test
29 ‘el from o the inlet Ylask through a measured length of small diameter stainless
n steel tubiny that contains several loops with a specified diameter. The pump
o p p pumj
ot then Jischarges the test fuel to the outlet flask again through a measured lengtl
Ay of srall dismeter tubing that contains several loops with a specified diameter.
"d-

During the test, a2 measured amount of antimisting test fuel at the specified test
temperature i transferred from the inlet flask to the discharge flask bv the FMI
tab purp o set A epecified perrentage of the pump's piston stroke. The time
regquired to trinster the teet fuel completely from the inlet flask to the

K I3

}f‘ acharpe tlask is measured and recorded. This procedure is then repeated in
-x _ ctess o ten froms O te 100 percent of the pump’s piston stroke. The data is then
N reduced o deld milliliters of test fuel pumped » 188,4 seconds. This time
codeen e wirt the time it takes far the FMI lab pump to transfer 750 ml of Jet A

P te o7 dicbaree tinek at oo opump stroke settinpg of 100 percent., This caleulation
5;: cbare tiv variable measured during the test from the time per unit volume to

g
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the volume per unit time. The data is then plotted on the basis of milliliters
pumped per 188.4 seconds versus percent of piston strcke.

°.10.2.2 Fquipment Specifications.

1. FMI lab pump, Model RPG-400, manufactured by Fluid Metering, Inc.,
Oyster Bay, New York,

2. Pump inlet tube, 186 cm of 1/8-inch stainless steel tubing with 3 3/4
turns of 3-inch diameter in it as shown in figure 2.28.

3. Pump discharge tube, 315 cm of 1/8 in stainless steel tubing with 4
turns of 2 inch diameter in it as shown in figure 2.28.

4, Frlenmever flask, 1000 ml, clear, two required.

tn
.

Timer, capable of reading to a tenth of a second.
6. Thermometer, accurzte to 1 degree Celsius and of applicable range.

7. Corstant temperature water bath.

[
—
e
.

L
.

(5]

Procedure.

1. Assemble Inmertial Rheometric pump test apparatus as shown in figure

2. Place 7.5 liters of the test fuel sample in a constant temperature
water bath set at 22 degrees Celsius +2 degrees Celsius.

3. Bring the test fuel sample to a temperature of 22 degrees Celsius.

4, Pour 750 ml of the test fuel gently into the inlet Erlenmeyer flask.

5. Adjust the FMI lab pump to a setting of 1C percent of the maximum piston
stroke of the pump by moving the lever near the base to the 10 percent mark
indicated on the bhase of the pump.

6. Start the FMI lab pump and simultaneocusly start the timer.

7. Measure the time it takes for the FMI lab pump to pump the 750 ml of
test fuel at the 10 percent stroke setting, etop the timer when the Inlet flask
is empty,

€. Record the time to the nearest tenth of a second.

9, Pepeat steps 4 throueh & for pump stroke settings of 20, 30, 40, SO, 60,
70, 8O, 90, and 160 percent,

16, Reduce the data on the bacsis of the number of milliliters of test fuel
pumped in 188.4 ceconds for each pump stroke setting using the following
calculation:

Milliliters (pumped per 188.4 seconds) = 750 ml1 X 188.4 sec,
Test Timre sec,
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v Tert s ohle te measure the non-Newtonian flow
wetoard the shenr thickening phenomena associated with
cron es a graphical displav of the non-Newtonian
“ tvpical antimisting fuel sample follows a
t> o streoke setting of AGC percent on the FMI lab pump.

“oent streke getting, there is a reduction in the volume
ceowe dpoviceosity of the AMK, due to the fact that the

Be AMY O Tas VYeen reached,  Above the 70 percent stroke

o ave U

ivenmetery the tiwe of flow of o {ixed volume of fluid {is

. . R , ) .
P diren=ion /T, where 1. ie a length and T is a time, and is

cr, 7, ie rlye q meacsure of the resistance to flow of a

. . . , D .
Peoiee je MILT or FT/LS, depending on whether the

ted witlh this test method, it has not been routinely

M. This rethod is intended for application to Newtonian
«tress and shear rates are proportional.

el Trerothe pump appears to be in a pgelled form, and the

¢ it is in the discharpge flask (reference [5).
e ability to distingvish hetween various

Ter o in AMY as shown in figure 2,30,

— o~

too chow the effect of using inline blended AMK versus
teut results of the ITnertial Rheometric Pump Test, and
ooy difterences in test results caused bv batch-to-
Med pelvrer which is commeoniy known to affect changes in

vitery cnaracterization tests., Due to the limited

rect Jurine the AMK prograr.

Lo determiration of Kinematic viscosity and dynamic

-~

R otte resistive flow of a fluid under

“te kinematic viscosity, ¢ = nk, where 7 is the dynamic
£ i« the density of the fluid. The kinematic viscosity

fe urite of centisteokes, cSt.
theo retic tatween the applied shear stress and the rate
o the vieenaite of a2 liquid., The dimension of the

hased onothe Mass (M) avstem or the Force (F) system,
Sriccene v evpreceed in centipoises, cP,

Gooereie Te s micher determined by the ratio of the
e Do e 07 ANE o opass through the viscometer

(RXE e

Cow tire of the AMK'e hase Jot A,
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2.0 Experimental,

LEUL00 D Apparatus,

Ihe sapparatus used to determive the viscosity and viscosity ratio of AMK is a
Cannon-=TFenaeke Cpaque Viscometer for transparent and opaque liquids and is shown
n Tipure L3101,

Toe Carnon-Fenske Opaque Viscometer is a reverse-flow viccometer that allows the
Piguid sample to tiow inteo o timing bulb not previouslv wet bv the sample. Using
the viscometer, the time is measured in seconds for a fixed volume of liquid to
tlow under vravity through the capillarv of this calibrated viscometer, with a
reproducible driving head pressure and closelv controlled temperature (refercnce
ped o e bipematic viccosity is the product of the meacured flow tire and the

¢

catiheeored constant of the viscometer.,

oo 00 btquiprent Specitfications,
k& ot ment L 1

e valibrated Cannon-Fenske Opaque Viscometer, ASTM sire number 75,
paa
Ciscoslty o vange 1.6 to 8,0 centistokes (figure 2,31).

. Viecameter hoelder te suspend viscometer ir a vertical position,
. ipette, (5 oml,
. Vieconmcter bath, deep enough so that the sample in the viscometer ies at
St below the water surface and 20 mm above the bath bottom with a

temrer ity e controiler.  The temperature contrel must be such that for a range
ceom Do e 0 the temperature of the bath does not vary by more than 0,019 C
cues the dergth of the viscometers, or between the position of each viscometer

0o the locotion of the thermeometer.

. rer, eanable of reading tenths of a second.

By Therremeter 0of cuitable rarge.

oo Urceedur e

Too Uienr the ciccoreter by oaspivating acetone through it, followed by

"oter Perfodically, clean with chromic acid to rerove tracecs of
crear fe raterial,

. Set o the terperitere of the viscometer bath te 7SOC Y, 0R0C,

Charse the cample inta the viscometer us foliows, using the diagrar ir

are JLUvb ey ceide

. Pipetre 75 omls of sample into Tube N,
FoooApely arecticen to Tube 1., and draw liquid tce the certer 0% Bulh A,
cL. Stopper Tube X, and let set for 3 minutes.




299%
lnnderana-
Insside Diam-  eter of Tu Volume, VYolume,
Sue No A%‘;::”:';:l“‘ Kinematic eter of Tube h) Bulbs 4. C. Bulb D,
' St/a : Viscosity Range.” ¢St R mmi22 Tubes & F and J. ml ml(2$
percent ) and /. mm (25 percent) percent )
(25 perceat)
2 0002 O4to02 031 3o 16 1
0 0 004 08104 042 10 ' 1
] 0 008 i6toR 04 30 NR 1"
100 001¢ Yo is ¢63 32 NE tH
150 0.035 7035 078 32 21 I
200 [ 3] 20 to 100 102 32 211 1
300 0258 $0 10 200 126 34 21 1
350 0s 100 to 500 1 48 )4 2t i
400 12 240 t0 | 200 188 34 21 1l
450 28 S00 to 2 SO0 220 37 21 1]
500 8 | 600 10 8 000 310 40 21 1
600 ).l 4 000 to 20 000 400 41 2 B}

* 200 s minimum Now time for all units

Norte — All dimensions are in millimetres

FIGURE 2,31 CANNON=FUENSKr 0OPAQUE VISCOME TR FOR TRANSPORT AND opag i LTV os
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; 4., Align the viscometer vevrtically in the viscometer bath bv means of a
; self~alivring bolder.
',
. 5. Atlow 15 minutes for sample to come to temperature.
" v. hemove stopper from Tube N.
N
‘o 7. Measure and record the flow times in seconds for the meriscus to pass
By from Mark F to Mark F,
u Y. Draw tie sample meniscus back into Bulb A and repeat steps 3, 4, 5, 6, .
o and
K. 9, Flew rimes shonld agree within 0.? percernt. Tt not, reject the test
§' rest e inid ohtain additional flow times. If times are erratic, clear the viaco-
¥
< reter, ond run the sample acnin,
*
2 . . . . 3 ']
S Vit Por viscositv ratic, run the neat jet fuel according to
" i 3
Q. srecedurs steps -9, then repeat steps 1-9 with the sample.
g
) . . .
3 Determire the density of the sample to the nearest 0,001g/ml at
e - . . . . . .
$ MO o iey the procednre specified In sectien 2,16 of this report.
S
. 1. +taleculate the viscosity (kinematic then dynamic) and viscosity ratio
v pd vencct o the nearest 0,01 CP and 0.1, respectively,
.."
- .
o 1. Viscosity
g Firveratic Viccosity (cSt)= Flow time (secconds) x viscometer
.. constart (see certificate of calibra-
:j tion that accomparies the viscometer for
‘a the appropriate constant).
S
)
Dvrparic Viscosity (e¢F) =  Densitv (g/ml) x Kinematic viscosity.
.
L}
Wy h, Viscosity Fatio (FKinematic) (VR)
Y
-
,';‘- VB 7 Flow time of AMX FM=9 Sample
. Fiow time of neat jet fuel
* DLil.T L0 Feants and Discussion, )
R e e
The determination ot viecosity depends on the behavior of the liquid sample and,
» . S e . - . .
“ad ideallv, the cnefticient of viscositv should be independent of shear rate. This
s is commonl. called Newteonian flow behavior. This is not the case for antimisting i
. fuel which exhibits non-Newtonian flow behavior. The coefficient of viscosity
- - 1 . . 1] . 3
8 for AMK varies with shear rate, different viscosities will be obtained from
'$~ vigeoreters with Jifferent capillary ddameters.
-
o
'
L)
)
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Shear viscosities have been measured in conventional gravity-flow capillary
viscometers by ICI using the Cannon-Fenske Opaque Viscometer, by Southwest
Research Institute using the Cannon-Ubbelohde viscometer, and by the University
of California using the Oswald type viscometer. No evidence of antimisting
fuel's non-Newronian effects could be seen while the fuel was under the shearing
conditions developed in these viscometers. For this reason, it was determined
that these viscometers must be measuring the viscosity of AMK below the critical
shear rate of AMK. Below the critical shear rate. the viscosity of AMK remains
relatively constant and the AMK exhibits Newtonian flow behavior, but above the
critical shear rate the viscosity of AMK varies and the shear thickening
phenomenon of AMK becomes apparent. Since the non-Newtonian flow behavior (shear
thickening effects) of AMK is of principal interest in the study of AMK, there
has been little or no use of the conventional gravity-flow capillary viscometers.
However, ICI has used the test method described above to measure the
reproducibility of their batch products of a 0.30 percent FM-9 AMK in regards to
viscosity and viscosity ratie. ICTI has, in turn, set internal limits on the
viscosity and viscosity ratic of 0.30 percent FM-9 AMK which are as follows:

Viscosity (dynamic) Viscositv Ratio

2.45 to 2.65 cP 1.4 to 1.7

2,12 SOLIDS TEST METHOD,

2.12.1 Background and Theory.

The concentration of FM-9 polvmer in Jet A fuel is of primarv importance in the
production of a quality AMK fuel., A quality AMK fuel is being defined as an
antimisting fuel which exhibits the expected fire protecticn, degradability, and
compatibility characteristics., TIn order to accuratelv determine the FM-9 polvmer
concentration of an AMK sample, the so0lids test has been used and the test has
become one of the primary quality contrel tests for AMK,

The test method used for sclids is standardized by American Societv for Testing
and Materials (ASTM) and is contained in ASTM designation D381-80, "Fxistent Cum
in Fuels by Jet Evaporation." Existent gum, referred to as solid content in the
case of AMK, is defined as the evaporation residue of an aircraft turtine fuel,

2.12.1.2 Apparatus,

A measured quantity of an AMK fuel sample is evaporated to remove the volatile
raterial. This evaporation takes place with temperature controlled air or steam
flow. The resulting residue, which is -9 polvmer, is then weighed. The
residue weight {s compared to the original fuel sample on a weight-to-weight
basie which results in the concentration of FM=9 polvmer.

The standard ASTM test apparatus 1is schematicallv shown in fipure 2,37, ASTM™
D381-80 specifies that the apparatus should be used with steam when conductirg
the test on aircraft turbine fuels. Fven though the method standardirzed by ASTY
works quite well and gives accurate results (reference 17), several other test




B
l‘.
l:.‘
3
.:0
e
5
i
LR
¥ v . ES .
1 g; -—— VTP wwp ———W =
R » 22 [PTY SV YR 5 e h«
W8 £ vy 2 ¢ Z
¥ -~ ‘O\\‘:\‘(‘K.KN.‘F%\.N E ¢ X
Wy o MAN N‘:“\:\.}.“"xg © e - ’
. —————— — RS ? T
& o —- x A - N
? \{EVNN \;‘Q«.‘ s
K ’ . = Q v o =
e
B2 \\‘ti b
[
! ¥ S - o T .2 =
b, . Ly — 3 0° “ -le & s =
X 4 3¢ 120 N o ©
n 5 35 ‘ € VOB ¢ =
IR ¢ - ! Ec € E ° =
] . Q- E Nal :
by = . ~N ™
i : fo- W v 2-WWw QL - L G - =
8 ) 7
5 xl
< " S | =
» f\‘u. o -g*_ s
1o a— o — s =
K = ¢3 ™ X
. ] ’
(4 q -
., x =
* / ~ &
\‘ (\!.NNMV =4
1
) / £ jany
/ =
) T v -
e - o
. 50 0 s 22 @ 3
W iy 5 53 2 =
" vle ° = z =
B, 7 o ¥ ° w x - )
B E v - ') /_L/
W', o E b v ~
s o 2 L.
L > €
b P o 3
y oo i Z M =
A N
R/ ‘: 5' ! é §
2 L E @ -
AN 5 1 8* Ey
g & £ =
‘ : A . 2% wuaz—-j <
o ~
. :o ;
» o ! .
,R& b4 -1 -
. 5
-' ;
W |
Y o
e D8
v i 5 n *
"
a
“
.
1_'
o
'
~.
i"
of
.
"
..l-
'..‘
l.'
-
iy
e "
A




methods have been developed and used to determine the solids content of AMK. The
FAA Technical Center uses a modified ASTM D381-80 test procedure, and the
apparatus is shown in figure 2.33, The twe major modifications of the test
procedure consist of changing the vaporizing medium from steam to air and
elevating the operating temperature of the bath. An entirely different method is
used by ICI to evaporate the volatile materials. They use an apparatus known as
an air friction oven. All of the above methods are based on the same principle.
Only the means of evaporating the volatile materials are different.

2.12.

ro

.2 Fquipment Specifications.

2.12,

1o

.2.1 ASTM Apparatus.

1. Balanced capable of reproducing weights to 0.1 mg.

(g%}
.

Beakers, 100 ml capacity, dimensions shown in figure 2.32.
3. Cooling vessel, a desiccator without the drying agent.

4, FEvaporation bath, either a solid metal block bath or a liquid batbh,
electrically heated and constructed in accordance with the general principals
shown in figure 2.32, The bath should have wells and jets for two or more
beakers. The rate of flow from each outlet when fitted with conical adapters
should not differ from 1000 ml/s by more than 15 percent. A liquid bath, if
used, shall be filled to within 25 mm (1 in.) of the top with a suitable liquid.
Temperature may be maintained by means of thermostatic controls or by refluxing
liquids of suitable composition.

5. Flowmeter, capable of metering a flow of air or steam equivalent to
1000 ml/s for each outlet.

6. Sintered Glass Filtering Funnel, coarse porosity, 150 ml capacity.

7. Steam Superheater, gas fired or electrically heated, capable of
deliverirg to the batch inlet the required amount of steam at 232°C (450°F),

8. Thermemeter, range -5 to +400°C.
9. Steam, supplv of oil-free steam at a pressure not less than 5 psi,
10, Gum Solvent, 50/50 mixture of toluene and acetone.

2.12.2.2.2 FAA Modified ASTM Apparatus.

1, Five Unit Hi-Temperature Bronze Block Gum Bath, catalog number 74801,

manufactured by Precision Scientific Company, Chicago, I1lincis (see figure
2.33).

§%]
.

Beakers, 100 ml capacity, pvrex.
3. Desiccator without the drying apent,

4, Automatic Balance Meter, capable of reproducing weights to 0.1 mg.

HY




¥yFoETE MR T T e 78

ArPaAly

i

sl s

“se tare.




U
X
o

T
2Rl

G5y

&
L]

N
.

Thermometer, range -5 to +400°0C,
6. Sodium Hydroxide crystals.

7. Air supply which can be regulated to maintain 5 to 6 liters per minute
airflow.

8. Air filter.
9, Flow Meter, Matheson Numher 604,
10, Stairless steel forceps.

.2.3 1Cl Solids Test Apparatus.

1. Aluminum disposable we’ighing dishes, diameter 70 mm.
2. 30 ml beakers.

3. Air fricticen over, Rlue M Model POM-=9-256-1FFG regulated at 1500C
+20C, damper temperature range adjustment at I.

4. Oven, 110 tS“C.
S. Analvtical balance.
6, Desiccator.

2.12.2.3 Procedures,

2,12.2.3.1 ASTM Procedure,.

1. Assemble the steam~Jet apparatus as shown in fipure 2.22. The evapora-
tion bath must be provided with a» eftrctive exhaust hood to control flammahle
vapors.

2. To place the apparatus in operaticn, apply heat to the bath. When the
temperature reaches 232°C apply heat to the superheater and slowlv Introduce drv
steam into the svatem until rate of 10004150 ml/« for each outlet is reached.
Regulate the termperature of the bhath to a range from 232 to 2460C and the supet -
Leater to provide a well terperature of 217+43°C,  Measure the terperature with
the specified thermemeter, placed with the bulkh resting on the bottorm of a beaker
in one of the bath wells with the conical adapter in place. Apv well havirg a
temperature that differs bv more than 39C from 2320C is not suitable for standard
teste,

3. Calibrate the flewnmeter by cuccesgively condersing the steam {low fror
each outlet and weipliny the water condensate,  To aceomplich this, attach o
copper tuhe te a steam cutiet and extend the tube into o T-liter sraduated
cvlinder that has heen filled with crushed fce and ther weiched, Fxlbaust the
steam into the cvlinder for approsivately 60 ceceonds,  Adiust the pocition of the
cylinder so that the end of the copper tube {te imrersed {n the water to a depth

of less than 30 mm to prevent esxoecsdve back precssure, Veleh the o Tinder. The
)

gain In weight reprecente the arannt o Ctear condenaed,  Ga'len’ fe the wteam
rate as follow::
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tedm™m riate,

he of

toht ooy
o
det 1

mliw o

P o= (W - w1000/ ke

¢ oateam at JA29C,

rraduated cevlinder with condensed steam, g,

vraduated evlinder ard Jce, g,

OO0 m!t of steam at 2329C at atmespheric pressure = 0,434g,

. Adiust the flew te give a steam rate of 1000 ml/= for the ocutlet under
Chech rthe rermairing outlets for uniform stear flow. Make necessart
oo irdi it sarTers if the rote varfes bv more thar 150 ml of steam/s.
oot tete ad vated te dediver TOU0RIED Y of steor/e, record the flowmete
: dopee thia setting for SHHS“QUGEE testing.
St orhe Teskeray Includire the tare, with the gur solvent until free
- Sinee thorongiole v ith water and immerse In detergent clearing <olution.
e the tenrere ‘ror o the cleaninpg solution bv means of stainless steel forceps
i i owith forceps thereafter, Wash the beakers thoroughlv, first with
tery v o then with Cistilled water, and drv In an oven at 15000 (2C20FY,
' vy et ie b el ey of the balance,  Cool the beakers for at
Vo tho coolingg vessel,
- Tloce the tore Peater on o the right-tand pan of the balcnce and weigh
vot Te et to the nearest 0,1 mp, When a2 single par tipe balance 1s used,
© e reaker ac o a bisnk,  Record the weights,

. Toarane Der oeettled anlid matter {s present, miv the contents of
vocent, drer thorenghlv, At atmosplieric pressure, immediately filter a
Tt tbe anmple tirouvh s cintered-vlass funnel of coarce porositv., Treat

troate oo descriihed e omamteer ¥ After deterrnining the numerical gum
Loesderate Poorhe word Triltered )" the fact that extrareous raterial has
LR AT
- o el e =0 of the sample to each beaker except the
: AL vober v o the fuela to he tested., Place the filled
B rheotare, e othe eraparaticn hath The elapsed time between
R R st Teoy I the both gt he as shert as possible.
. - ' o sivutes hefore replhacing the conical jet, which
N [ tren ey lor ot attachie, to the outlets, Center
e . Coobe THemiT 0 Madetaie the temperature and rate of
r . oot evaperate for il alontew, Sarples tested
. . : o v vt e gracteristics,
. : eyt e e e eve v the bath to the
© SRS SRR AR B cove, Weiph the beakers in
‘ T T R e te saleulate the existent
oottt e e T =T e e T mi T T liters.,
. T che ety ot A= s tvmer In YK the
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standard calculaticons are changed to vield a concentration on a weight-to-weight
basis. The calculatfon of F¥M-9 polvmer concentration In AMK is as follows:

(weight of beaker and residue - weight of beaker) X 100 =
(weight of beaker and sample - weight of beaker)

polymer or 7 concertration

2.12.2.3.2  FAA Modified ASTM Procedure.,

1. Assemhble the air-jet apparatus as showr in figure 2.33, The
evaporation bath must be provided with a fume hood te remeve flarmable vapors.

2. Turn on the switch marked "INT" of the Hi-Temperature Brorze Block gum
bath. This switch supplies rewer te the contreller puvremeter which, in turn,
controls the relav and the 3-ring henters.

3. Set the temperature controller te regulate the terperature of the bath
to a range from 23720 to 24600,

4, Turr on the air <«upplsy which must be filtered. PFepulate the airtlow
into the bath te = to 6 Titers per minute with all air nozzles in place,

5. Measure the terperature of each test well. This should be deone with
the bulb of the therroreter resting on the bottorm of a sample bealer placed in
one of the test welle with the air noxzle in place. The terperature should he
23243°C. Anv well having a temperature that differs by more than 3°C from 2320C
is not suitable for use Ir conducting this test.

6. C(Clean the beakers by placirg half a teaspoon of sodium hvdroxide
crystals In the beaker arnd filline it with water. Allow this mixture to stand
overnight, then rinse the beaker with tap water and wash with detergent and rinse
again,

7. Conditicn the beakers ir ar oven at 5000 for approximatelv 30 minutes
and then allow them to coel to room temperature in the desiccator. NOTF: At
this point, the beakers should never he handled,

R, This procedure calls for four beakers te be used each time the tec«t is
done. Nurber ecach beaker avd weish thte~ o0 the autoratic balance te three
deciral placec. Fecord the heaber no~ber and weipht.,

9, Add 40 rmloof carple Yrel to each healer.  Heaker 1 oand T sheould contain
the AME test samrle and bester 7 oacd 4 chould contain knowr standard percert AMK,
The knowr stardard percect AYY e geed to verifv the accuraey of the test results
each tire the test e Jooa,

10, Agair welivh each beaber ard record the wedptb ot

I, Perove the iy norzlec and nlace the Ti1%ed beskers v the evaporatior
bath and refrsta 11 the adir 1o rrlea, Allow the saryle to rema s 4 the hatl o
.

nerind of ore¢ honr
' Ind ! .
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oraricr neriad, remove 1he heakers usirs stainless steel
Pt cfecater coroa period of cne nour, The
WECT o rae U e apent

ler s Tnel = welvht o heakerd

"t v beaker 3 and 4 should he corrvaved ¢ the oD

comceptretion, the AME teat worde comoer tratios should

vopericod, reweiph the oy er: ond record the weight,

©oard reaidue = weipht of beaker) Y {0 =

1

b 1 o

cowvTer or U oconcentration

Te [¥ the nercent concentrations are the sane,
1

e
e Jone, However, 17 the experirert. veeult

: Tulier

Precedure,

vrmivur diehies irnoa 1059C over for 30 rminutes and

v otere in desiceator,
neavesi 6,00071 g

T prams of sarple Tror oo 30 oo beaker to the
the neivht.,

Tt Sy frdction oven ot DS0VC for 2 hours, It

s
I3
—~
-

A

sarples to cight, and place In the oven on

viace dr deciccator for N omirutes, then weigh.

. T W st o of dieh 2 160 = T Total Selids

- weiyht o Jdiah:

e dr ceveral ditterent test methods, all of which
cl e et ol ewed exactlv,  All of the test
1 - l~ \‘l;’ 1

e st e moteriole of an MY canple and

teots horla alwavy be conducted on

oot e et et e 2 0D percent
terical solide test

Y

U B S R vt lod ore chowr in table L2,
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TABLE 2.2 STFAM JET GUM* ANALYSIS OF AMK SAMPLES
(FUFI, SPTLLAGF TESTS)
FAA Technical Center Wt7 FM-9

Test Number Nominal Gum**
1 0.40 0.358

2 0,40 0.351

3 0,40 0.360

4 0.40 0.357

5 0.40 0.355

f 0.40 0.360

9 (1,40 0.397

10 N.267 0.270
11 0.267 0.262
12 0,267 0.264
13 0.333 0.328
14 0.333 0.331
15A 0,333 0.346
22 0.30 0.303
23 0.30 0.204
24 .30 0.292
25 0.30 0.306
26 0.30 0.304
27 0.30 0.300
30 0.30 0.301
31 0.30 0.295
33 0.2 0.195
34 0.20 0.194
36 0.20 0.194
38 0.20 0.193
41-44 0.30 0.296
45 0.30 0.302
49-53 ¢.250 0.228
55 0.30 0.287
59-61 0.26 0.265
62-64 0.2 0.267

* ASTM D-381
** Average of Duplicate Samples

These test procedures can also be used to determine the polymer content of FM-9
slurry. To accomplish this, the AMK test sample Is replaced by FM~9 elurry. The
amount of FM-9 slurry used is the same as the AMK test sample; and the same test
procedures are followed.

The solids test is one of the primary quality control tests for inline blended
AMK because it can accurately measure the FM-9 peolymer concentration of AMK. The
™M= polvrer concentration fs important because it can affect the fire
rrotection, depradability, and compatibility of antimisting fuel.
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. e EM=D antir Ter e Tuel s the terdency of the fuel
U . . . . . T . . . .
.. : veos e s el precipitates when noceovtaet with water in either
) R : R coaraount o water dissolved ir o Jer A fuel ot anv given |
o o e oy e e it ibration with the water in the atmosphere
i |
-~ Doy e T The goter sotubhility of et A fuel is 57 narts ;
t o caturation terperature of U200 (reference 18,
v, : : ‘ ' o Tte tey saturatien peint, the fuel tends te shed the
o Co ’ e oy, ddenending on the temperature.  Ac this process !
) o e o ittey oce tYorras Fetween the fuel and the water wiic!
o= e ‘ ' T nrer can then he removed by drodirine fuel tank
oo Uhreneh o ocosiescine fuel Yilter (water separator
ity Tor owoter oand the FM-U rolvrer can oot ooeoan
~" , HAR 't wcennt o dissolved water that o timistive
:' v oot the srmeunt Jet A can hole at o ary gliven
~ chows FN=U AN can heold up to 1200 ppm of water at 220C

—

voheld up te 57 ppm oat 229C,  Fxperiments have
(s dincrease in the water content of AMK vhen in

- - P cvovenor form oand the normel saturation-drving

- ey e S dbes not occur for AMEL the untake of water
- o ~ SR coopericd of tirme Te showr It tigure 2,34, Fven though

- : ‘ o b e ey e quantity of disselved water, once AMY reaches
. : - P coodnt, it rtends to become cloudy and the polvrer tends to

- o this, there was concern for the potential of clogeing
2 : cive el within an afreraft fuel svater. Tn order te

a e - ' : oters b orreblem sren, it Recame recessarv to make water

& . . ¥ PR | LN Ad - 1

- . : and AMK eamples,
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o . . . .

) : crndnatior o f water cartent in o Jdet A oand

v iy Vitrations.  Concentrations of water from [0 to

e : Co obe determived when o osarple of Jet A or AMK is

- Per reacent to o an electrometric end poirt.  Thie

. ‘ oot U rect current (DCY veltage (hiarperormetryw
': C o o oiant ot current (ivealtametryv) to a double

"N . b e titratior mivture. During the titraticen, the
;‘ : - o e, 't boadie drgredients of the Farl Fischer

ey e B e the bactiround eelvent< mav o he

. ' S, v id e ete, Ir the presence of water, |
. ‘ & U cothe do iee e eyitaric acid in accovandee with i
- . ¢ cotat o

. S = 2ED G RN IS0,00,
.,T

. v ; e e by bactyroand solutiop when no rore
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FIGURE 2,34 UPTAKE OF WATER BY FM-9 AMK

2.13.2 Experimental.

2.13,2.1 Apparatus.

L4

»

e The apparatus for determination of water by using Karl Fischer reagent is shown
:af: in figure 2.35 and contains a microammeter, titration flask with integral
) magnetic stirrer, reagent reservoir, buret, electrodes, battery, and

{3

potentiometer. This method measures current flow In a solution between platinum
, electrodes connected in circuit with a microammeter and a DC voltage source. The

-\
uj- electrodes are placed in the sample solution, a polarizing voltage is applied,

;{ and the Karl Fischer reagents slowly added by use of the buret. In the continued
:} presence of water and spent titrate, all current carrying iodine will have been

reduced to jodine and, thus, there will be no indication on the microammeter. As
more titrate is added to the sample, the end point is eventually reached when no
more water is left in the sample to react with the iodine. Any additional
titrate simply adds highly conductive free iodine, which causes the microammeter
to register a sharp Increase in current flow which indicates the end point.

Ll

The titrate volume used to reach the end point is then used to calculate water
content ir the sample.

77
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.*\ Since atmospneric moisture will cause erroneous results in Karl Fischer
A titration, the system should be kept sealed and as dry as possible. Drying tubes
;hh filled with indicating drier should be used in all air inlet lines.
Al 2.13.2.1 Equipment Specificaticns.
2
‘:; Any apparatus designed for the purpose of conducting a titration with Karl
yf Fischer reagent can be used to determine the water content of an antimisting fuel
s or Jet A sample. During the course of the AMK program, the FAA and {ts'
. contractors used several different models of Karl Tischer titrators., The
"y titrators used during the program, most of which are automatic, are shown helow,
)
ﬂ"_-u
i\: ORGANIZATION T1TRATOR MODLE MANUFACTURER
Y FAA 1. General apparatus specified by ASTM
2. 391 K~-F Titrimeter Fischer
N 3. Metrohm 658 Rrinkman
": JPL K-F Titrimeter—-Automatic System Fischer
v PWA 702 Aquatest .1 Photovolt Corp.
: Boeing Aquatest IV Photovolt Corp. ]
00 ICI Auto-Aquatrator 68830 Precision Scientitic Co. i
T
e :
> {See Note 1)
'}j NOTE: The Auto-Aquatrator was modified by ICI to better adapt the equipment to
! their needs. The following modifications were made:
-
1. The drying tubes and pumping systems were removed and replaced with a
¥:j completely enclosed system, using No pressure.
-;5 2. The 15 ml buret was changed to an automatic zero 25 ml buret. The
- original buret was filled at the top with the excess reagent removed by nitrecgen
K pressure at the base and the overflow drains into a reserveir. The buret is
\2 calibrated in (.05 ml increments.
-'\‘
NY
*fé. 3. The original beaker and hard rubber top was replaced with an improved,
"\: CEL designed, all glass, one-piece vessel. The top of this vessel containe
o ground-glass joints to accommodate the various components (electrode,
o thermometer, buret tip, and sample port. The reservoir has a drain tube with
. stopcock for easy removal of spent reagent and sample.
o
SO
ﬁ;: 4. A small combination hot plate-magnetic stirrer replaces the magnetic
L:ﬁ stirrer supplied with the unit. Similar to Thermolyne Model SP-10105R.
d \" 1)
b
v The titration assembly specified by ASTM in standard D1744-64, "Water in Liquid
. Petroleum Products by Karl Fischer Reagent,'" is shown in figure 2.35 and consists
ﬁcﬁ of the following equipment,
(a7
g 1. 10 ml Buret, graduated in 0.05 ml subdivisions and fitted within a 3-
o way flash stopcock.
' " ol
& 2. Reagent reservoir, any convenient size.

SRS
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FIGURE 3b TITRATION ASSEMBLY ELECTRODI

Y, Magnetic stirrver,

Titration flask, & 3-neck flask of approximately 500 ml capacity.

o~

. Battery, !.5 velt dry cell.

. Paterticneter, resistance of 2000 ohm.

/. licrometer.

8. Dryving tuhes, 2 required.

9, Indicating decsiccant.

1G. FElectrodes, ? required, typlical electrode is showrn in figure 2,36,
11, Miscellaneous wire, tubing, glass tubine, stoppers, etc.

12, Reagents

80




a. Karl Fischer Reagent, commercially prepared reagent may be used or
the reagent may be prepared bv the following procedure: For each liter of
reagent, dissolve 85+1 g of iedine in 270+2 ml of pvridine in a drv, glass-
stoppered bottle., Add 67042 ml of methanol (99,9 percent). Cocl the mixture ir
an ice bath to below 3.9¢ C, Rubble gasecus sulfur dioxide (50~) through
concentrated sulfuric acid (H»SU04, sp gr 1.84) into the cooled mixture. Continue
the addition of SC» wntil the volume is increased 50+] ml, Alternatively, add
50+#1 ml of freshly drawn liquid S0- in small increrents to the preceoled mixture
in an ice bath, Mix well and set aside fer i least 10 hours before using.

b. Dilute Karl Fiacher Reagent, adiuat the streccth of the full
strength reagent to a water equivalence o7 2 to 3 oy of voter per ml by dilution

with pvridine.

¢. Sample solvent, mix 1 volume of retharal with 3 volures of
chloroform,

2,13.2.3 Procedure.

The procedure for the varicus automatic Karl Fischer titrators varies from unit
to unit, for this reason, only the procedure specified by ASTM in D1744-64 for
the general Karl Fischer titration assembly will bhe given in this section,

1. Standardization of Karl Fischer Reagent.

(a) The dilute Karl Fischer reagent should be standardized at least
daily in accordance with 1.1.1 to 1.1.3,

(1) Add 50 ml of the sample solvent to a clean, drv titration
flask. TInsert the stoper and adjust the magnetic stirrer to give a smooth stir-
ring action. Turn on the indicating circuit and adjust the potenticmeter to give
a reference point with approximately 1 A of current flowing., Add Karl Fischer
reagent in suitable amcunts to the solvernt to cause the needle to deflect from
the reference poirnt. 2t first, ti. necdle will deflect due to local
concentration of the unreacted reagent about the electrodes, but will fall back
to near the relerence point. As the end-point is approached, the needle will
fall back more slowly after each additien of Karl Fischer reagent. The end-point
is reached when, after the audition of a single drop of reagent, the needle
remains deflected at least 1 A frem thre reference point for at least 30 s,

(2) To the solution in the titration flask, carefully add from a
welghing pipette previouslyv welghed to the nearest 0.1 mg, | drop of distilled
water. Stopper the flask. Reweigh the weighirg pipette. Titrate to the end-
point as described in (1).

3) Calculate the woter equivalence of the V.rl Fiscner reagert as
follows:




ol

¢

|O

i where:

“

sy ¥ = water equivalence of Karl YFischer reagent, mg/ml,

- ¥
. W= milligrams of water added, and

: T = milliliters of reagent required for titration of the added water.

.

. 2. Sample Titratior

~

;' a. Add 50 ml of solvent to the titration flask and titrate with

standardized Kiarl Fischer reagent to the end-point as described in 1.1.1. Tt is

g {mportant to stopper the sample inlet tube as qickly as possible to prevent ]
) I P q y P P

= absorption of moisture from the atmosphere.

\‘.

2

. h., Obtain an hvdrometer reading on the material to be tested and
o convert degrees API to specific gravity without correcting for temperature.
Immediately pipette 50 ml of the sample Into the titration flask, Alternatively,

Vi the sample ma: be weighed and added to the titration flask in anv convenient
1, manner.
o ¢
W
s c. Titrate the sample tc the end point as described in (1). Record
K P P
.¢ the milliliters of reagent used.
Bd)
}; ~ Calculation.
e
:} a Calculate the water content of the sample as follows:
r'd
"'J
,,; WATER, PPM = (CF X 1000)/
: where:
b 1 )
) ¢ = milliliters of reagent required for titration of the sample,
;i' F = water equivalence, milligrams mg water/ml,
1&“ 1000 = factor for converting to parte per million,

vrams of sample used = A X G,

18

’ A= milliliters of sample used, and
‘2? ¢ = apecific gravitv of the sample.

s

:: JL13.2.4  Results and Discussion.

ol

B All of the ¥arl Fischer titrators listed in the equipment specifications section
7.? of this test methnd preduced acceptable water content measurements of Jet A and J
W AMK eamples after an initial problem of AMK gellation on the electrodes of the
] j: titrators was corrected. This gellation problem plagued all of the titrators
A when water content measurements first began to be made on AMK samples. The gel
aﬂ' that formed on the electrodes of the Karl Fischer titrators caused water content ’
X measurements that were erratic and much higher than would normally be expected.
"
:'ﬁ Researchers {eourd several possible solutions to this problem. Pratt and Whitnev
: , Alreraft (PWA) thought that the pel formation was caused by the magnetic stirring
if of the virgin AMK <ample. The magnetic stirre. was thought to produce enough
hﬂ: shear «treus to cause the virgin AMK sample to ce’ Thev determined that this

probh’s» could be alleviated {f the virgin AMK sample was degraded before the

X samnle was titrated in the Karl Fischer titrator (veference 19),
ez
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The Jet Propulsion Laboratery (JPI) had & different theory about the pel
formation on the electrecdes. Their theory was that the gel was caused by the
presence of methanol in the commercially prepared Karl Fischer reagent. The
reaction between the methancol and the FM-9 polvmer causes the FM-9 polvmer in the
antimisting fuel sample to precipitate and coat the electrodes of the titrator
with gel. This gel causes the erratic water content measurements for AMK
samples. JPL determined the problem could be aveided by adding 5C cc of pvridine
to the AMK sample prior to titration (reference 20), The pyvridine is added in
order to keep the IM-9 polvmer in soluticen while it is in the presence of
rethanol,

Boeing M{litary Aircraft Companv also tried several appreaches in an attempt to
find a solution to this problem of gel formation or the electrodes of the ¥ar]
Fischer titrator. The first approach was to add a solvent to the titraticn
vessel to increase the solution velume. Chloroform was used as the sclvent, The
other approach was to use a larger velume of titration sclution in the titration
vessel and to change the seolution more frequently than recommended ir the
rrocecdure for their titrator (reference 17).

The modified procedure for Karl Fischer titrations, which was finallv used to
medsire the water content of AMK samples accurately with repeatabilioe and
confidence, consicted of making the following changes in the operational
procedure of the titrators:

1. To reduce the concentration of AMK ir the titration vessel, the velume
of solvent placed in the titration vessel was increased.

2. To reduce the build up of FM=9 polyvmer ir the titration vessel caused
by residual AMK samples, the sclvent in the titration vessel was changed

frequently.

2.14  GLYCOL MEASUREMEN

2.14.1 Background and Theorw.

FM=Q polymer in a virgin state is a drv, gravular powder. TIn order tc give the
FM~=9 Polvmer flow characteristics so that the inline blending process could be
develaped, TCI combined the polymer with a carrier fluid to form what is known as
FM-9 slurry. The carrier fluid consists of glvecol and amine. Standard "Avgard "
FM=9 polyrer based slurrv censists of the follawing constituents:

CONSTIT :i_ PERCENT OF TOTAL STURRY WFIGHT.
FM=9 Polvmer 25 + 0.5

Amine 1.25 + 0.?

Water 1.25 4+ 75

Glveol Remainder

Researchers felt that the glvcel/amine carrier fluid increased the effectiveness
of the FM-9 polvrer relative to the mist suppression and resulting fire
protection capabilities of antimisting fuel (reference 1). 1t became apparent
that there was a need to verifyv by analvsis the amount of glveol and amine
present in the antinmisting fuel camples ir order to evaluate the effects ¢ the
carrier fluid,

83




)
-
¢
¢
‘€]
N RO T ety eny o Pedc re Uhe arount oob cdveol or ot -
I ° . . g o . . 1 N . B
8 o : . Cac e T T e deve Topee L retncd Do T e iy
X , ; v oo M e preve e that combiine D0 bt ien
o ‘ . e Gty CSCLT e,
' v . o » RN gty B | Sy ,} + e v a e P T v T ~ 7 ' LI 1
2 Pt { o o Trirared spectrephotoreler was conduec e usiir e L e
. . . : . .
k" oo Coowr encentrstions that were specialiv prepared i woione,
& - n~_ ;
3 A Sttt v ere o ressihle interference of the VS o lvrer o or tie
) : . . , . .
Y o s b tece rendives, The optimenm waveleneth Yor measuriog the
~ ) : : o 2 ; y
. ' Co doetermived to o bhe 3847 om0 The abheorbaocs or thiat
K R . oo s correlate with the weiehit cercent o g lvecd e 0 e ple.
Yy c v e 0T whowy there deoa linear correlatrion between the weisht
.
. S R Coep e sne the absorbance ot the samplels ot ot
3 ! C ‘ : et o \‘ky‘ “ 4 r'-‘.L‘ :“‘.\'\‘T'E‘ZVT‘.('\‘ '.‘(\Ct [ N A S v
- o ' ! T el ey the corve showr In bovure o, oo i t oo
* o e o rercent 0y Tveet presont dnoan AME woee Do
M ¢ ! .
- )
-
O v o
o . . .- V. CQ . SNy ; f .
Com o lerrared Spectrophotometer cenmbires devhie=tenw
Co oo iy processor hardwore and ascociated woftware
. ‘ G Do et
' PR : R e i lable e two podes, Sean and Juantitative.  Spectra mav
~ ‘ . : - Crpodvtec waing single-step and peab-pick reutires.
o = et rav be rade at selected wavelenvths using o point
' WY Lralveie, a osinele-step point prograr routine wos oused,
L+
- : cdow e AME test sarple is oplaced iv the carple charber o
i ’ o T et el the aivple=stey polint prograr routive autormaticollw
: . , : S -
¥ o T o ittt ooy LU the chosen wavelergth for o ospeciticd nurber of
» N . . N c e
- o ey e the reocinge and dives o opercent transmittance (7))
. coo e san then he el ten Tated and used to determire the
. : S oo e e Y s Te Teaee the curve sbhiewe dn Tivure DL,
|
l
A ' ' ! T i ' v .
5
. ot S rnt ey snectrephotoretor,
- . (RSt Yl C e,
-
P, . . > D Y 1 't‘.
! . et
~ . R T e,
- . o e e g e et e rande
‘-
‘.
[ A .
'
w
.
L »
1
»
) N

o~ <

AKRL AN

IS



BT T S L B ISV T G B RS S TR ST I R DI TSR RIS SRR NI PES O

TJOOATO % LHOIIM

SL°0 05°0 S¢0
) 0€°0

SO

ov'o

Vig! bR

-~V“;

-
TN

SS3ITINOISNIWIA ‘(v) IONVEHOSaY

’-. .

£v00°1-(288°C) V =TODATD % LHDIIM

3 51"'
»

L)

p— -
I
-\ -
L< 0S°0 o
g -
R«
by -
,n-.nﬁ

N
L2

-
.A'. AN X l':“’

«

AL
iU XN

FEEN

Ve s

_.......u.....x.... . PR & .-N.“...“...WAWM 2 A N _ Vo]~ AR ...m .......“\.h\.r..w.n. M RXERRRRS

)
L

~
)
04

r L e e N L) ‘% ' ettt B
Iy n = .J VNS . .‘.. A LA IJ‘.‘ : “n h..”» | -b.h..... ...‘ ...w. X pp AR 1 g

-



I r— \ ol TP TP R TR TR T g e T WL RO RNUTLUE R T WTW W R e e e e W W TR
vt ' ot v M ! ey Vo . e (e o \
N 3 RN} 1
[N S i Too—tt PL'Y' VYot [ & ' ¢ o et Ty e ¢
e ey
t U AN cpeciticatione {rto the vy oprar
cot s, emT
L N — LAY
. - . !
crvn i seringes, 111 rhe Tiquid soey it ol wite the
Cote Toocel T dcre the aample chamber of tle qpectroenhotoreter,
v spectrophotomer voutire.  NOTV: Values of percent trans-
! crocinaterv 2 onmercent over 10 minutes in the sample cell, so
T R e e e TS AU
‘Lo ceveent rransrittance value Tvom the spectrophotometer.
to e ahsorbosee of the AME test somple as follows:
theorbnnee = log 1/Transmittance
S e wedelt pereent of glvecel in the AME test sample using the
©onerient olaeol i AMK versus abscerhance of AMK (figure 2.37).
. s arel Dfeeuas e,
Cocenrtent o artinistine fuel car be readily determined bv infrared
. . e ds o0 dinear correlation hetween the welght percent glveol in
e e and e abworhence of the AMK sarple. SWRI determined the repeat-
. i test pothed heocemducting 10 rune of the sare AMK test cample.
teovesnlte oy —eveent standard devisticrn relative te the mean plveol
o VE sest o sarnle arelerence U
. oo tagcheioae te o determire the glveol content of antiristing
P Corr ITetvesed Spectror . Theyv used the techrigue of
vt brased onoa calibratic urve (refererce 1M,  The
it rar o enrve woe determired nsing samplea of krewun glveel content wrepared
IO ST P coplueol enred e V=G AN IR aleo used this rrocedure te determine
o '< tent oo AMY e wte s e mpbtract ine the one trur obtadined for
e L o e apectrue tor AME that had water added, the ditterence dir
sectyo o wae Found to o correanond to the amount of water added te the AME, A
Al R EAI SR I PR SR TR st rc s ed hased onothe ifferonce o ocneectra from AVY
A lee b e s et e tent, The curve wase th ceod ot deternine the water
VE ‘ M ot .‘\{‘“‘)‘\“f‘:.




. W T M va‘vwwmﬁwwwwmwwmm

2,15,  AMINE MEASUREMENT,

2.15.1 Background and Theorv,

For gereral background information on the reaser o test rethod wae developed to
measure the amine content of antimisting fuel, Veror o DoMO e e et
Section (2.14) of this report. A tect mettod Tor determinine the arcunt ¢f arive
present in an antismisting fuel sample was developed by SWRT based eor the fact
that wher amine undergees cembustien, ore of the producte of combystion ic¢
nitrogen. The test method combines combustior of the AMK sample in o Puvrelveds
furnace with nitroger detection ir the nreducte ¢f corbuation he
cherilurinescence.

The initic] testing of this test methad was conducted vsing standards that vere
prerared bv diluting a stock solution of direthvl@oroar ide (DMFY in toluene,  The
nitrogen content of the standards were determived v the following caleulation
(reference 2):

1. Molecular Weight DMF "Ci;Hj‘.\(W = 73,11 ¢

2. Wt rnitreoger in pure DMF = (14,0/73.11) « 100 = (G 16

3., Wt7 ritroger ir 0.1017 wt? stock secluticn = 0,001017 ~ 10,16 = 0, 0]04G
(194,9 ppm)

4, PPM (Nitrogen) in diluted standards:

2 ml of stock solution diluted to 100 ml = 3.9 ppr
4 ml of stock scolution diluted to 100 m1 = 7.8 ppm
6 ml of stock solution diluted to 100 ml = 11.7 ppm

The chemiluminescence detector measures the nitrogen content in number of counts
displayed on a digital readout. The counts for nine corsecutive injections of
the three standards showr in the ~hove caleulntion were used to estahlish a
calibration curve for number of counts versus the nitrogen content of an AMK
sample. The calibration curve is shown ir figure 2,18,

2.15.2 Experimental,

2.15.2.1 Apparatus.

AMK samples are prepared by diluting them with tetrahvdrofuran (THF). The AMK
samples are diluted to reduce plugging then in microsyringe which is used to
inject the .ample into the furrace. The plugging {s caused bv the evaporaticn of
the Jet A and the formation of solid polvmer in the needle tip of the
microsyringe Jdue to the 950° Celsius temperature of the furnace (reference ).
The dilnted AMK samples are injected, using the microsvringe, into the pyvrolvsis
furnace where the nitroger compounds are oxidized and then measured as NO» by the
chemiluminescence detector. The digitally displaved counte for AMK are compared
to a standard nitrogen calibration curve to determine the nitrogfen content. From
the nitregen content of the sample, the amount of amine present in the AME sarr’e
can be calculated,
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2,15.2.2 Equipment Specifications,

1. Antek Model 771 Pyro-reactor.

2. Antek Model 720 Nitrogen detector.

3. Microsyringe, 50 1 with 2" X 26 gage needle.

4, Constant rate syringe drive.

5. Silicone Septa.

6. Pipettes, Class A, 1 ml, 4 ml.

7. Quartz combustion tube, as per instrument manufacturer’s design.
8. Reagents:

8.1 Magnesium perchlorate, 8-20 mesh,

8.2 Argon, 99.9 percent purity.

8.3 Oxygen, 99.9 percent purity.

8.4 Tetrahydrofuran, 99 percent Nitrogen free.

8.5

Charcoal, activated 8-20 mesh.

2,15.2.3 Procedure,.

Assemble the pyro-reactor and nitrogen detector and follow all operating instruc-
tions per the Antek Operation Manual. Set the following operating parameters:

Oxygen Flow: 120 ml/min. to Ozone Cenerator
410 m1/min. to Pyrolysis Tube

Argon Flow: 30 ml/min.

Pyro-Reactor Temperature:
Inlet - 850 degrees Celsius
Center - 950 degrees Celsius
Outlet - 950 degrees Celsius

Instrument

Sensitivity: I-Low (counts between 300 and 60,000)

Injection

Rate: 1.0 = 1/second

Into a tared 10 ml vial, dispense 0.8 ml of AMK and 3.2 ml of tetrahydrofuran
(THF). Weigh each component to the nearest 0.1 mg. Seal the vial tightly with a
solvent resistant cap and mix thoroughly by shaking. 1Ilet the sample stand long
enough to dissipate the buhles. Then inject 3 consecutive (3.0 ul) sarples of
AMK into the nitrogen analyrer using the microsvringe attached to the constant
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rate syringe drive. Record the number of counts displayed on the digital readout
of the nitrogen detector after each sample injection. The average number of
counts from these three injections can be used to calculate the nitrogen content
of the AMK sample from a calibration curve similar to the one shown in figure
2.38. Because the density of the diluted AMK samples is different than the
standards, a density correction factor (density of standards/density of diluted
AMK solutions) 1is applied to the average AMK counts, For practical purposes, the
density of the AMK samples 1s essentially that of THF (0.889 g/ml).

Consequently, a correction factor of 0.975 would account for the slightlv larger
mass of AMK injected. Finally, in order to convert the nitrogen content of the
AMK sample to parts per million (ppm) amine the dilution of the sample and the
weight fraction nitrogen in the amine must be accounted for. A sample
calculation i1s shown below.

1. Average counts for diluted AMK (uncorrected for density) = 1000.

2. Average counts for diluted AMK (corrected for density) = 1000 X 0.975 =
975.

3. PPM nitrogen in diluted AMK (from figure 2.38) = 5.8,
4. PPM nitrogen in undiluted AMK (from dilution factor) = 5.8 (wt fraction
AMK in TH¥FY = 5,81 = 27.6
0.21

5. Wt7 nitrogen in amine = 14,0 X 100
Amine Mol. Wr.

6. PPM amirne in AMK = 27.6 = 100 = 1,97 X Amine Mol. Wt.
Wt 7 Nitrogen

NOTE: A new calibration curve should be established daily or anvtime after the
instrument has been shut down.

In order to establish a calibration curve, it is recommended that at least three
consecutive (3.0 ul) injections should be made for each standard. Furthermore,
at least three dilutions should be used to produce counts in the same range as
AMK, For the highest precisior, the calibration curve should be checked before
and after anlavels of AMK samples.

JG15.0 a0 RESULTS AND DISCUSSTON,

The amine content of antimistirg fuel can be determined bv combining combustion
with nitrogen detection by chem{iluminescence. The relative sensitivitv of this
test method {e a few parts per billion of nitrogen. The results of some initial
testing done by SWRT are shown below; the results show the mean and standard
deviatien (based on five consecutive Injections) for 1 FM=-G AMK hlends.
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RMH1-129 RMH1-136 RMH1-138
X = 181 ppm 112 ppm 114 ppm
= 5 ppm 6 ppm 11 ppm
* = 150 ppm 135 ppm 150 ppm

* The expected amine content, based on the amine content being a specified
percent of the nominal polymer content of the AMK as indicated on the sample
containers.

The difference between the measured and the expected amine content of these
samples could be due to the fact that the nominal polymer content may be slightly
different than the actual polymer content of the samples.

2.16 DENSITY DETFRMINATION,

2.16.1 Background and Theory.

The determination of density for antimisting fuel is a straight forward
measurement of mass per unit volume. The measurement of mass and volume is done
at a specified temperature of 25°C,

The density measurement, while having its own importance, is8 also used iIn
determining the dynamic viscosity of an AMK sample. The method for determining
the dynamic viscosity {s given in the Viscosity Ratio Test Secticn of this report
and follows this general formula:

Dynamic Viscosity (cps) = Density (g/ml) x Kinematic Viscosity (cSt)

2.16.2, Experimental.

2.16.2.1 Apparatus.

The apparatus used to determine the densitv of an AMK sample consists of common
laboratory equipment avatlable in most chemical laboratories., A measured amount
of antimisting fuel is placed in a graduate cylinder of known weight. The
graduate cylinder is placed in a constant temperature water bath where the AMK
sample is allowed to equilibrate to the bath temperature. After the graduate
cylinder and the AMK sample reach the specified test temperature, the cylinder is
removed and immediatelv weighed. A reading is also made of the volume of the AMK
sample in the graduate cvlinder. The density can then be determined by dividing
the AMK sample weight bv the AMK sample volume. The density {s then reported In
mg per ml.

2.16.2.2 Equipment Scecifications,

1. draduate cvliinder, "5 ml, 0,0 m! d{visiong,
). Ralance, capable of weiphiry to O] mp,
1, Constant temperature water bath, capahble of raintaining a temperatur:
+0. 0590,
s, Aluritar. 40,
5, Vermometer,  aprlicah’e 1tapge,
9
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2.16.2.3 Procedure.

1. Record the tare weight (nearest 0.001 gm) of a 25 ml graduated
cvlinder.

2. Add approximately 23 mls of sample tc the graduate. Pour slowly to
avoid splashing the sample on the upper portion of the graduate.

3. Record the weight of the graduate plus sample.

4, Put a plece of aluminum foil over the top of the graduate and place the
graduate in the 5°C constant temperature bath. The level of water in the bath
should be slightly above the level of sample in the graduate.

“, Allow the sample to come to temperature.

6. Remove the graduate from the tath, observe the hottom of the sample
reniscus and record this volume to the nearest 0,05 ml,

-

.. Calculate the density:

(wt sample + wt graduate) - wt graduate = mg/ml

Den L
mls sample

J.le, 0,4 Results and Discussion,

The procedure for determining the density of an antimisting fuel sample 1g not
compley . Accurate and repeatable results can be obtained through carefu!
weiphire, volure measurement, and temperature control during the test procedure

for dev~ity determination,

S.17  PARTICLE S1ZF EVALUATION FOR FM-9 SLURRY,

2,170 Background and Thecry,

During thte earlv development of the inline blending process for antimisting fuel,
there were problems related to the inline hlending hardware and procedures ar
well as problem: related to the F¥-9 glurrv., FM-9 polvmer {tself {s a drv,
yrannlar substance. ' order to allow FM-9 polvmer to be pumped and metered, the
poivrer wae rived wit . a4 carrier fluid which became known as FM-9 glurrv, This
Tarrs conld he parped relatively eas{’ usi{ng a "progrescive cavity'" rotary
“oret e and ftoecild be metered accurately by varving the speed of the pury.

As antimisting *uel began to be produced using these inline hlenders and <lurr
it hecare apparent that some ¢ the AMK hlends heing produced contained "fish
crese' that terded to settle «n the bottom of the fuel container and form a laver
ctothick ge'l, A Mrish eve" ¢ a larype, partially dissolved, FM-9 polvmer
rarticle that s surrourded Hv oo laver ot "clear gel" containing a bigh
concentration of discolved polvmer. These "fish eves' -eemed tc he caused bv

Taryge FM-9 oo lumer particles ot heing able to g tdly dfaperse and disscolve
during the “lendtiny procecs,  This settling proce - resulted {n AMK with a low
polvrer Lorcentratior wirh reduced tlammabhilits nrotectior as well as
contib N e b Ter e i el cunters,
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Continuing research revealed that these "fish eyes" could effectively be reduced
in numbers or alleviated altogether if the FM-9 slurry was sieved to remove any
particles of FM-9 polymer above a certain size before the slurry was used in the
inline blenders to produce AMK. JPL developed this test method to determine the
presence of large FM~9 polymer particles in FM-9 slurry as it was received from
ICI. The use of this test method lead JPL to establish criteria for an
acceptable quality of FM-9 slurry relative to FM-9 polymer particle size.

2.17.2 Experimental

2.17.2.1 Apparatus

The particle size evaluation test apparatus is made up of off-the-shelf
laboratory equipment which 1s commonly available in most laboratories. The
contents of a beaker that contains a measured amount of FM-9 slurry which is
diluted with water is pcured through a sieve of known mesh size, The resulting
residue on the sieve is then dried and weighed. The residue 1s then compared to
the original slurry weight on a weight-to-weight basis.

2.17.2.2 Equipment Specifications.

I. "Tyler" sieve, 200 mesh.

2. "Griffin" beaker, 2000 ml,

. Magnetic stirrer.

4., Automatic balance, capable of reproducing weights to 0.! mg.
S. Methyl alcohol.

6, Water, tap.

7. Drving oven.

8. Hobart mixer.

9

.17.2.3 Procedure.

1. Thoroughly mix a container (pail) of slurrv as received from 1C1, usirng
a Hobart mixer or other suitahle menne,

2. Weigh out 100 grams of slurry and place the slurrv in a 2000 ml gradu-
ated "Griffin" bheaker that hac a magnetic stirrer bar {n {t,

1. Set the stirrer on low,
4, Slowly, dilute the <lurry with 1500 m1 of tap water.
S. Continue stirring until the [lquid {« homogeneous and har the consis-

tencv of milk.




6. Pour the contents of the beaker through a 200 mesh "Tyler" sieve.

7. Wash the material which remains on top (if any) of the sieve first with
water and then with methyl alcohol.

8. Set the drying oven at 50°C,
9

. Place the sieve in the oven and dry to a constant weight.

10,  Allow the sieve to cool. Collect and weigh the residue on the sieve.
Record the welight, .

1. Calculation:

weipht of residue powder/particles X 100 = 7 particles
welght of slurrv

D000 Results and Discussion.

This test method that JPL. developed can detect the presence of large FM-9 polymer
partocle agglomerates in FM=9 slurry that can cause blending prohlems such as
polvrer settling and gel formation (reference 13). Research done ty using sieves
of various mesh sizes determined that the above blending problems could be
svercome 1§ M= polymer particles over the 100 micron size were removed from the
slurry hefore blending. A criterta for an acceptable quality FM-9 slurry was
ertablished by using a 200 mest "Tyler”" sieve, A 200 mesh "Tyler" sieve allows
particles ot 75 microns or less to pass through the sieve. FM~9 slurry with less
thhan 0,05 percent of particles above the 75 micron size is considered to be an
acveptable quality < lurry, and it {8 practically free of particles above the 100
“deror size (refererve 1Y, 1C1 has since alleviated this problem by maintaining
v cliser telerance on the FM=6 particle size during the production stages of the
«lurrv. Sirce then, the particle size evaluation has been used to spot check
“larr. produced trom difterent polymer lots, and there 1s ne longer a need for
screening the siurrv hefore use in the inlipe hlenders.

o CURELV TSN ITY DETERSINATION,

i h fackgreand and Theors,

coar o i the antiristing rael program it hecame apparent that for the use of
crirtatiey tued s e tegsrtle it wonld be necessary to inline blend the FM-0

cros ot tie et v o the adreraft’s refueling point.  Ir April 1983, the
o Plened tuel was csed to fuel the SP-2K afrcraft at the lakehurst
Nl M atation tar o larye-scale aftroratt crash test. Refore this time, -~11

.

the artimistim tuel w.ed tor testing wac produced by bhatch blending at the

ot Cowi It o, e e,
Vet vifee blended SMY e hiended usiny FVY- clurry,. The slurrv consisted
S Tmer i w0 and amine which served as oo carrier fluid.,

ar oL e Jerne D opnent cd e 0 nse o sever T i Terent tvpes of F¥-0 clurry,
e oone it e e s re tie 0 0t the <lurrties v ced preatly,  The

\ ' ta e trr fe died from g w ter-,tke substance toe g selfd-
R RTINS SR e v it fes varted during the slurr development - rogrpag
e D @t oLty e apt o e the polvrer toading and the hlendabil gy of

LB r v




The slurry had to meet two requirements in order for it to be used in an inline
AMK blender. First, the slurry had to have a viscosity that allowed the material
to be pumped; and second, the slurry had to be able to be metered after it was
pumped. Besides these blender requirements, the slurry had to exhibit good
dispersion characteristics in Jet A, rapid equilibration, and yield adequate fire
protection in the resulting antimisting fuel.

After an acceptable slurry began to be produced on a large-scale basis, it became
apparent that there were batch to batch variations in the viscosity of the
slurries. It, therefore, became important to assess the variations in the
viscosity of the slurry and specify a standard for the viscosity of FM-9 slurry.
The device used to measure the viscosity of the slurry is a Brookfield Synchro-
Lectric Viscometer fitted with a special T-bar type spindle used with a
Brookfield Helipath stand. The complete apparatus is shown schematically in
figure 2.39. This apparatus will permit viscosity measurements in relative
centipolse values of materials having characteristics similar to past, putty, or
cream,

2.18.2 Experimental,

2.18.2.1 Apparatus.

The Brookfield Svncnro-lectric Viscometer operates by rotating a cvlinder, a disc
or a T-bar spindle in a fluid, or a substance and measuring the torque necessary
to overcome the viecous resistance to the induced movement. This measurement is
accomplished by driving the immersed spindle through a calibrated spiral spring
to the degree to which the spring 1s wound, indicated by the position of the
pointer on the dial of the viscometer as shown in figure 2.40. The pointer
reading is proporticnal to the viscosity of the fluid or substance for any given
rotation speed and spindle size, The viscometer 1s able to measure over a number
of ranges since, for a given drag, or spring deflection, the actual viscosity is
proportional to the spindle speed and 1s also related to the spindle's sizz and
shape. For a material of a given viscositv, the drag will be greater as the
spindle size and/or rotatioral sp-ed increase.

The measurement of the materials with normal flow properties is based on a
reversible isotherral change {n apparent viscosity with change in shear rate
‘reference 22). The meacurement is performed using the Brookfield Viscometer
under standard{zed conditions with rigid control of the time Intervals of
measurement. Readings are obtained on the viccometer dial scale at the end of 1
minute for each rotational speed. Changes from the lowest speed to the highest
speed, and return to the lowest speed, are made without stopping the instrument.
The thixctropic Index {s determined from the ratio of the apparent viscosity at
the seceond 6 RPM speed over the apparent viscosity at the 60 RPM =speed,

A rotating mewmber, such as a cvlinder or a disc, when placed in a2 semi-solid sub
. stance such ae FM-9 alurry will crente o channel {n the substance and a
?u meaningless torque will be exerted or the spindle of the viscometer. Also, the
N viscosity of the slurry will tend to decrease when subjected to the internal
" shearinyg created b a rotating rember {p the slurrv and the torque required to
N rotate the spirdle will decrease as the perieod of shearing ircreases., For thece
reasons, FM-9 <lurry is not suftable for viscosits measurements using the
oy Rrookfield Viccometer with cvlinder or dee apindle as normally ueed tor
f:. raterfals with tlow properties, natead, the measurement of a r terial without
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flow properties is performed with a spindle in the form of an inverted T attached
to the Brookfield Viscometer which is supported by a Helipatn Stand (reference
22). As the spindle is rotated by the viscometer, the delipath Stand lowers it
through the teat material. Throughout its helical path the crosspiece constantly
encounters new material; thus, the rotor always measures material which has an
undisturbed structure. The torque required to rotate the spindle is registered
on the viscometer dial and is converted to centipoise values.

2.18.2.2 Fquipment Specifications.

1. Brookfield Viscometer, Syncnro-Lectric, Model LVT or HRT, manufactured
by Rrookfield Engineering Laboratories, Stoughton, Massachusetts (see figure
2.41).

2. Rrcokfield Helipath Stand.

2. Brookfield T-Bar Spindle set with chuck.

4., Thermometer, precision, capable of indicating 25°C with graduations not
greater than 0.2°C (0.5° F).

5. Constant temperature bath capable of maintaining 25° +0.50C (+ 1° F).
6. Jars, l6-ounce wide mouth, 3-inch minimum diameter.

2.18.2.3 Procedure.

1. Fill a l6-ounce jar to bottom threads with the material to be tested
and mix thoroughly using a spatula.

N

2. Tmmerse closed jar in bath and allow the jar to come to a temperature
of 25°C 40.59C. Check temperature of sample using a precision thermometer.

3. Follow all instructions and precautions stated in the instruction
manual that is included with each Brookfield Viscometer.

4. Refer to the attached Helipath Stand Spindle Ranges sheet and select a
T-bar spindle. (NOTE: Spindles should be chosen so that the initial reading is
about 50 percent of full-scale deflection at the lowest possible speed.)

5. Slide the spindle into the closer assembly and tighten.

6. Level the viscometer and set the spindle so that the crosspiece 1is
covered by about 1/4-inch nf test material.

7. Set the adjustable stops for the spindle penetration required according
to the depth of the sample. (NOTF: Push the reversing rod down for initial
drive direction.)

8. Adjust the hexagonal knob on the viscometer to the lowest speed

possible for optimum readings at about 50 percent of full-scale deflection.
(NOTF: The highest speed should not exceed 5 RPM for the HBT Model Viscometer).
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9. Start the viscometer and let the dial make one or two revolutioms
before turning on the Helipath Stand.

10. Turn on Helipath Stand and record all dial re#dings as the needle
passes a predetermined spot in the viewing glass.

11. Determine and report the viscosity of the highest and lowest readings
as well as the average of all the readings.

12. Calculation:

Apparent Viscosity (cps) = actual scale reading X (0.01) X the factor for
the RPM and spindle used (see table 2.3).

Sample calculation and report shown in table 2.4,
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TABLE 2,3 HELIPATH STAND RANGE DATA FOR T-BAR SPINDLES

MODEL LV AND HA VISCOMETERS
SPINDLES T-A T-8 T-C T-0 T-E T-F
LVTO.3RPM  66.6M 133M 333 666M  1.66MM 3 33MM
LVTO6RPM  333M  66.6M 166M  333M 833M  1.66MM
LVT15RPM  133M  266M  666M  133M 333M 666M

LVT 3 RPM 666M  133M  333M  666M  166M  333M

LVT 6 RPM

LV & RPM 333M  666M  166M  333M  833M  166M

LVT 12 RPM

LVF 12RPM  166M 333M  833M  166M  416M  833M

HATO.SRPM  800M  16MM  4MM  8MM  20MM  40MM

HAT 1 RPM

LA 1 RPM 400M  80OM  2MM  4MM  1OMM  20MM

HAF 2 RPM 200M  400M MM 2MM SMM 10MM

HAT25RPM  160M  320M  80OM  1.6MM  4MM  8MM

HAT 5 RPM

HAF 2 RPM 80M 160M  400M  80OM MM 4MM
M - 1,000 MM = 1,000,000

MODEL RV AND HB VISCOMETERS

SPINDLES T-A T-8 T-C T-D T-E T-F
RVTO5RPM  400M  80OM oMM MM 10MM  20MM
RVT10RPM  200M  400M MM 2MM 5MM 10MM
RVF20RPM  100M  200M 500M MM 25MM  5MM
RVT25RPM  8OM 160M 400M  800M MM AMM
RVF 4 RPM 50M 100M 250M  500M  125MM  2.5MM
RVT 5 RPM 40M 80M 200M  400M MM MM
HBTOSRPM  32MM  64MM  16MM  32MM  8OMM  160MM
He T 1 R 16MM  3.2MM 8MM  16MM  40MM  8OMM
HBF 2 RPM 800M  16MM  4MM MM 20MM  40MM
HBT2.5RPM  640M  128MM  32MM  64MM  16MM  32MM
HBT 2 Ao 320 640M  TEMM  32MM  8MM  16MM
M 1,000 MM - 1,000,000
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TABLE 2.4 CALCULATION AND REPORT FXAMPLF

ANALYST HJBJ DATE 2/15/83

SAMPLE 1D JCK 11-66

MODF1, NO, OF TINSTRUMENT HBT 73121

TEMPERATURE OF SAMPLL 250C
SPINDLE # BBE FACTOR* SCALE READIMG APPARENT VISCOSITY (cps)
T-F 1 (0.01) (2.2mm) 33 1,056,000
35 1,120,000
35 1,120,000
34 1,088,000
37 1,184,000
36 1,152,000
35 1,120,000
37 1,184,000
401 1,280,000
37 1,184,000
35 1,120,000
35 1,120,000
36 1,152,000
34 1,088,000
312 992,000
32 1,024,000
AVG. 353 1,120,000

1Highest Apparent Viscosity (cps)=40 X(0.01)X (3,200,000)=1,280,000
2lowest Apparent Viscosity (cps)=31 X(0.01)X {3,200.000)=992,000
3Average Apparent Viscpsity (cps)=35 X(0.01)X (3,200,000)=1,120,000
*m= 1,000

mm= 1,000,000

102




2.18.2.4 Results and Discussion.

The Brookfield Synchro-Lectric Viscometer fitted with a T-bar tyvpe spindle and
used with a Brookfield Helipath Stand will produce accurate viscosity
measurements in relative centipoise values for FM-9 slurry. The specification
for the viscosity of standard FM-9 slurry is 35,000 centipoise (maximum) at 6R
degrees Fahrenheit. The viscosity specification was jointly established by FAA
and I1CI by placing the following conditions on the slurry:

1. Compatibility with blending hardware (i.e., pumpability, meterability).
2. Adequate dispersion (blendability).

3. Rapid equilibration.

4, Adequate fire protecticn of the resulting AMK,

The slurry can have a viscosity lower than 35,000 centipoise if it still meets
the above requirements and for blending operations the lower the slurry viscosity
is, the easier it is to pump and meter. A typical standard FM-9 slurrv exhibits
a viscosity value of 13,000 centipoise.

During the course of the AMK program, a standard test procedure for slurry
viscosity determinations relative to spindle sfze and RPM was adopted by the FAA
and ICI. The procedure specifies a T-A T-bar spindle be used at a viscometer
speed setting of 5 RPM to report the average viscosity of the slurry sample.
This allowed researchers that were making viscosity measurements of FM-9 slurry
to report values that should be comparable and aided in the interpretation of
viscosity values of slurries from different batches and of different types.

3. GENERAL FUEL SAMPLE TNFORMATION.

1. All laboratory characterization tests, unless otherwise specified in
the test procedure, are to be performed with the test fuel sample at a
temperature of 20 degrees +2 degrees Celsius.

2. The rapid heating or cooling of the test fuel sample to obtain the
specified test fuel temperature must be avoided because it can affect the results
of the laboratory characterization tests.

3. All laboratory characterization tests should be performed in a clean
and draft-free environment with an ambient temperature between 20 degrees Celsius
and 25 degrees Celsius.

4. The contact of the test fuel sample with water (liquid or vapor) must
be avoided because it can affect the results of the laboratorv characterization
tests. The test fuel sample should be discarded if there is a known contact of
the sample with liquid water.

5. The recommended cleaning solvent for all the laboratory
characterization test equipment and glassware is 1,1,1-trichloroethane.




6. The recommended sample container is a l-gallon rectangular tin-plated
steel can with 4 knurled air tight cap as per Federal Specification PPP-C-96
(common l1-gallon oblong cans used for products such as pairt thinner), Sample
containers should not he reused.

7. The exposure of antimisting fuel to light should be voided because
light can affect the antimisting properties of the AMK,

4.  CENFRAL SAFFETY PRECAUTIONS,

I. It is recommended that all laboratorv characterization tests and .11
cleaning of the test equipment be performed under a fume hood or ar area with
adequate draft-free ventilation,

Y. A vespirator with proper cartridges should be worn when handliny ™-9
slurry, Jet A fuel, and antimisting fuel tc aveid inbhaling the fumes,

1. Satety glasses, rubber gloves, and protective clothing should be worn
wvhen handling FM-9 s«lurry, Jet A fuel, and antimisting fuel to aveid contact with
the skin or eves,

4. A1l general laboratory safety precautions should be followed as well as
tollowing any specific safetv precautions relative to handling kerosene, 1,1,1
trichloroethane, amine, glvcol, and sodium hvdroxide.

S. 1CT Americas Inc. Material Safetyv Data Sheet (001438), which is shown

in appendix D, should be referred to for the proper and =afe handling of Avgard
slurry.

5. CONCLUSTONS,

1. Laboratorv characterization tests are available to adequately evaluate
antimisting fuel relative to the following:

a. The antimisting properties of batch and inline blended AMK,
b. The degree of intentional degradaticn produced bv a degrader.

c¢. The degree of unintentional degradation produced in an aircraft fuel
svatem,

d.  The filtration characteristics of degraded AMK.

e. The composition and phvsical properties of AMK and FM-9 clurrv,
Y.  The primary quality control tests for antimisting fuel, availahle at the
time of the Controlled Tmpact Demonstration (December YR4), were the Filter
Ratie Test, the Cup Test, the Solids Test, and the Turbidity (Claritv) Test,
These laboratory characterization tests were initfit1llv developed to characterize
FM=G antimisting fuel in the beginning of the antimiscing fuel program, and the
test . nave remained the primary quality control tests throughout the MK program,

lug




1. tne of the prirmary goals throughout the antimisting fuel prograrm was to
develop a single quality control test that could be used to determine {f the
antimistirg fuel that wos inline blended into an afrcraft was acceptahle qualityv
AMK before the aircraft proceeded for takenff. Much work was done to develop
real-time quality control tests for antimisting fuel. The only standardized
laboratory characterization test that was developed as a near real-~time qualfty
control test was the Die Swell Test.

4, The laboratoerv characterization test. that are ircluded {r this report,
and the specifications that were estahlished for FM-% <lurrv, antimisting fuel,
and degrader perfermance, should provide the necessary informatieon to assess the
qualityv of the fuel relative to fire protection and aircraft svstem
compatibilitv, The specificaticns are shown ir appendices A, B, and €,

5. The normal stress and extensional viscositv properties of FM-0
antimistinrg fuel are considered to account for the antimisting performance of the
fuel. Attempts to make direct measurements of the normal stress and extensionnl
viscosity properties of FM-0 antimisting fuel at high shear rates have been
unsuccessful to date.
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APPENDIX A
FM-0 CLURRY SPECIFICATION

1. Slurrv Constituencv
Solids = 2 (.5 percent of total weipht,
Amipe* - 1, 0.5 percent of total weight.
Water = 1.0 .S percent of total weight.
Glvcol* = remainder, or about 73 percent of total wefght,

L)
|+ 2D
D+ +

2. Slurrv viscosity = 35,000 cent{ipose (maximum) at oFf degrees Fahrenheit.
3. Slurrv exposure to light must be controlled.

4, Slurry shelf life no permanent separation of constituents) = 2 monthse
(minfmur). Mi{ld agitaticen of slurrv during blending to control temporary
constituent separation {s acceptabhle,

The onlv restricticn seen necessarv to standard (1983) ASTM D-1655 Jet A kerosene
specification is that the aromatic content of the bhase Jet A must be at least 17
percent by volume to assure gualitv AMK,

*NOTE: The specific glveol and amine types remain proprietary to the
manufacturer, ICI Americas Inc.
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APPENDIX R
FM-9 ANTIMISTING FUEL SPRCIFICATION FCR THE
CONTROLLED IMPACT DEMONSTRATION

l. The AMK fuel shall have 1.2 percent + 0.04 percent by weight of slurry
(25 percent polymer loading) which is controlled during blending process to
achieve an FM-9 polymer/Jet A fuel concentration = .30 percent as verified by the
solids test (ASTM D381, existent pum, wt/wt), NOTF: 1f the blended fuel does
not meet these specifications, it must be discarded.

2. After a minimum of 12 hours after completion of hlending operaticn, the
characterization test results must neet the following specifications:

Clarity (NTU) = 20 max

Orifice Flow Cup (ml/30 secs) = 1.7 min teo 2.3 max

Filter Ratio = 35 min to 90 max

Total Water (ppm) (ASTM D1744-64) = 230 max

I'niformity = No visible or residual sediment in 5 gallons of

blended AMK fuel.




APPENDIX C
ACCEPTARLE DEGRADER PERFORMANCE SPECIFICATION FOR THE
CONTROLTED IMPACT DEMONSTRATION

The CID aircraft degrader shall produce degraded AMK with the following
specifications (samples taken at engine fuel pump inlet while the engine is

running):

1. Filter Ratio = 1.2 max
2. Orifice Flow Cup = 7.0 min
3. Transition Velocity = 2 to 3 cm/sec




APPENDIX D

MATERIAL SAFETY DATA SHEET

@ ICl Americas Inc.
001483
Wwimington. Delaware 19897
Phone (302) 5753000 (24 hours) Form No.: 3524h
Date: 2/84

SECTION 1 NAME & PRODUCT
Material name:
Avgard Additive SD (25%)

SECTION 2 INGREDIENTS s | TLV_(ACGIH)
Polymer | 25 | Not listed
Proprietary Solvents | 75 | see section 8
|
|
I

. Not specification values. qt = qreater than, 1t = less than, ca = approximately

SECTION 3 PHYSICAL DATA
Boiling point: Above 350°F (estimated)
vapor pressure (mmHg at 20°C): Below 0.1 (estimated)
vapor density (air = 1): Not applicable
Solubility in water: Partially
pH: 9.0
Specific gravity: 1.09
% Volatile by volume: No data
Appearance and odor: White paste with amine odor

SECTION 4 FIRE AND EXPLOSION HAZARD DATA
Flash polnt (and method): Not applicable
Autoignition temp.: No data
Flammable limits (STP): No data
Description: Combustible solid

Extinguishing media:
water fogq, alcohol foam, carbon dioxide, dry chemical, halon 12l1. Wwater or foam
may cause frothing.

Special fire fighting protective equipment:
Self-contained breathing apparatus with full facepiece and protective clothing.

unusual fire and explosion hazards:
None known.

SECTION 5 REACTIVITY DATA
Stability:
Stable under normal conditions.

AAYEEBmpatibllity (materials to avoid):
oxidizing agents.

"Hazardous decompagiffon products:
Combustion products: carbon dioxide, carbon monoxide, nitrogen oxides.
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MATERTAL SAFKTY DATA SHEET (continued)
Avgard Additive 50

X JECTION S REACTIVITY DATA (continued)

% | Hazardous polymerization:
%R A Will not occur.
;‘) e
..;v:| SECTION 6 HEALTH HAZARD ASSESSMENT
N A General:
Limited toxicity data are available on this specific product. The health hazard
3?? assessment i{s based on the results of screening data.
4t W
i oF e S
‘i‘tﬁ 1 :
M) ngestion:
4{2 The acute oral LDgg in rat is above 5.0 g/kg. Relative to other materials, a
<b¥§ single dese ot rhis product is slightly toxic by ingestion., Hodge, H.C. and
AL Sterner, J.H., American Tndustrial Hygiene Assoclation Quarterly, 10:4, 93,
Dec. 1949.
. B . . S - S
‘ig;' Eye contact :
?J This material is severely irritating in rabbit eye studies and similar degree of
S
'?fa irrttation will probably occur after human eye contact.
"l..
i TR Gentacr s T T
, This material is rornirritaring in rabbit dermal irritation studies and no
“:n f.-4r3rt~ Q¢ expected r~ develop after contact with human skin. It was not a skin
}ff{ sensitizer in animal testing. However, irritation could develop from repeated
?~'¢ and/or prolonged skin contact.
Yo
S IR . [ B _
i, Skin absorption:
CNPA This product is probably not absorbed through human skin.
R " Inhalation: )
;f?‘ vapors and aerosn:s can produce irritation of eyes, nose and throat.
ety
s o e — - -
;:Ja Effects of overexposure
jw& vapors and aerosol forms are irritants.
N i"
. '(o,ﬂ
J First aid orocedureﬁ
. Skin: Wash material off the skin with copious amounts of soap and water. T1f
-:ﬁ? redness., ‘Ytching or a burning sensation develops, get medical attention.
:q;u Eyes: Immedia‘ely flush with coplous amounts of water for at least 15 minutes and
"hf' have eyes «yamined and treated by medical personriel.
aﬁﬁ&j Ingestion: Give one or two lasses of water to drink. If gastrointestinal
e symptoms develop, consult meiical personnel (Never give anything by mouth to an
uncon -1 s pers.o,.
~e{§v Inhalation: Remove victim to fresh al-. Tt cough or other respiratory symptoms
;%*.' develop, consult medi. al personnel.
N
-, LTI T oL T T m T T T [l — R ————— T
:e't‘ SECTION 7 SPILL OR LEAK PROCEDURES
iuﬂ Steps to be taken in case material is released or spilled:
S Wear skin, eye and respiruirory protection during cleanup. Shovel up and recover ot
mix material with avscibent and shovel into waste container. Cover contalner and
“ﬂ remove from work ar~a. +wich dcwn spill area with hot wate: containing detergent
v and flush away with plenty of water to sanitary drailn or sewrt serviced by a
;‘Q‘ wastewdter treatment faciltity
. O
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MATERIAL SAFETY DATA SHEET (continued)
Avgqard Additive SD

SECTION 7 SPILL OR LEAK PROCEDURES (continued)
Disposal method:
Dispose of waste in facility permitted for nonhazardous waste.

Contalner disposal:
Do not distribute, make available, furnish or reuse empty container except for
storage and shipment of original product. Bmpty container of all residue.
Puncture or otherwise destroy empty container and dispose of in faclility permitted
for nonhazardous waste.

SECTION 8 SPERCIAL PROTECTION INFORMATION
TLV® or suggested control value:
No value assigned to this mixture. Minimize exposures in accordance with good
hygiene practice. Proprietary solvents do have ACGIH TLV® values.

Ventilation:
Use local exhaust to contiol exposures.

Respiratory protection (specify type):
If needed, use MSHA/NIOSH approved respirator for dusts, mists and fumes whose TLV
is greater than 0.05 mg/m3 in combination with a cartridge for ammonia and methyl
amines.

Protective clothing:
Impervious gloves, apron and arm covers. Additional protection may be required

depending upon conditions of use.

Eye protection:
Chemical tight goggles with full faceshield.

Other protective equipment:
Eyewash station and safety shower in work area.

SECTION 9 SPECIAL PRECAUTIONS OR OTHER COMMENTS
Precautions to be taken in handling or storing:
Avoid skin and eye contact.

The information herein is given in good faith ‘
but no warranty, expressed or implied, is made. |
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APPENDIX E

DISTRIBUTION LIST

Civil Aviation Authority (5) DOT-FAA AEU-500 (%)
Aviat ion House American Embassy
129 Kingsway APO New York, NY 09667
London WC2B 6NN England
Embassy of Australia (1) University of California (1)
Civil Air Atctache Service Dept Institute of
1601 Mass. Ave. NW Transportat ion Standard Lib
Wwashington, DC 20036 412 McLaughlin Hall

Berkely, CA 94720
Scientific & Tech. Info FAC (1)
ATTIN: NASA Rep. British Embassy (1)
P.0. Box 8737 BWI Airport Civil Air Attache ATS
Balt imore, MD 21240 3100 Mass Ave. NW

Washington, DC 20008
Northwestern University (1)

Tr isnet Repository Director DuCentre Exp DE LA (1)

Transportation Center Library Navigation Aerineene

Evanston, ILL 60201 941 Orlv, France

ANE-40 (2) ACT-61A (2) ASW~538 (2)

AS0-52C4 (2) AAL-400 (2) AAC- 64D (2)

APM~13 Nigro (2) M-493.2 (5) ACE-66 (2)
Bldg. 10A

AEA- »1 (3 ADL~1 (1)
APM-1 (1)

AJL=~-32 Norin L ALG-300
APA-30U 1

AZs-> kil ACT~: J
AGL-50 (2)

ANM=-20 12
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FAA, Chief, Civil Aviation Assistance Group (1) Al Astorga (1)

Madrid, Spaln
¢/0o American Embassy
APO-New York 092385-0001

Dick Tobiason (1)
ATA of America

1709 New York Avenue, NW
Wwashington, DC 20006

FAA Anchorage ACO
701 C Street, Box l&
Anchorage, Alaska 99513

FAA Atlanta ACO
1075 Inner Loop Road
College Park, Georgia 30337

FAA Boston ACO
10

12 Now England Executive PArk
Rurlington, Mass. U0i303

FAA Brussels ACO
{ American Embassy, APO,
New York, NY 09667

FAA Chicag~ ACO
2300 £. Devon, Room.232

Des Plains, Illinois 6008

FAA Denver

1Jed> cast 23cn Ave ., Suite 307

aurora, J<olorade 93l»o

Franx Tavlor
1542 Churcnh Road
Eilicorr Cirv, MD  _1Ja3

eenston ot
Springtfield, VA 22152

R

Richard E. Livingston, Jr.
Director, Aerotech Nperations {-r

the TATA Group
1805 Crystal Drive, Suite 111 south
Arlineton, VA 22202

Federal Aviation
Administrat ion (CAAG)
American Embassy, Box 38
APO-New York 09285-0001

Burton Chesterfield, DMA-603 (1)
DOT Tramsportation Safety Inst.
6500 South McArthur Blvd.
Oklahoma City, OK 73125

FAA Fort Worth ACO
P.0. Box 1689
Fort Worth, TX 7610l

FAA Long Beach ACO
4344 Donald Douglas Drive
Long Beach, CA 90808

FAA Los Angeles ACO
P.0. Box 92007, Worldway Postal Center
Hawthorne, CA 90009

FAA New York ACO
181 So. Frankline Ave., Room 202
Valley Stream, NY 1153l

FAA Seattle ACO
17900 Pacific Highway South, C-68966
Seattle, Washington 98168

FAA Wichita ACO

Mid Cont inent Airport, Room 100 FAA Bldg.
1891 Airport Road

Wichita, KA 67209

\

Or. Hans A, Krakauer

Deputyv Chairman, International Airline
Pilots Association Group

snartado 97

st Alburelira, fortucal

Geoffrey Lipman

Executive Director, President du Conseil

International Foundation of Airline
Passenger Associations

Case Postale 462, 1215 Geneve

15 Aeroport, Suisse, Geneva
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ASF-1 - Office of Aviation Safetv

AST-1 - Office of Science & Advanced
Technology

APM-1 - Program Engineer & Maintenance
Service

AVS~1 - Associate Administrator for
Aviation Standards

AWS-1 - Office of Airworthiness

AWS-100 - Airecra®t Enziae=ring Division
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Mr. A. Allcock

Department of Industry
ibell House, Room 643
oohn Islip Street, London
SWi4 LN ENGLAND

Mr. Robert D. Anderson, P.E.
Manager of Engineering
Facet/Quantek, Inc.

P.0. Box 50096

Tulsa, OK 74150

Allied Pilot Association
fquipment Evaluation Comm.
P.0. Box 5524

Arlington, TX 76011

Dr. R. L. Altman

NASA ARC

M.S. 234-1

Moffe*t Field, CA 94035

Dr. S. J. Armour

Defense Research Establishment
Suffield

Ralston, Aiperta

CANADA, T0J 2NO

Mr. Robert Armstrong
B-8414 MS-9W61

Boeing Airplane Company
P.0. Box 3707

Seattlie, WA 9&124

Mr. Steven L. Baxter
Zenoco, Inc.

Chemicals Research Division
P.0. Box 1267

Penca City, 0K 74601

Or. D. E. Boswell
Quaker Chemical Corporation
Elm Street

Mr. Don E. Buse

11B12AB

Phillips Petroleum Company
Bartlesville, OK 74004

Mr. William A. Callanan
ARCO Chemicals Company
1500 Market Street

Philadelphia, PA 19101

Mr. Ronald Camp

BASF Wyandotte Corporation
1609 Biddle Avenue
Wyandotte, MI 48192

Mr. Paul Campbell
244 Green Meadow Way
Palo Alto, CA 94306

Mr. Clifford D. Cannon
Transamerica Delaval, Inc.
Wiggins Connectors Division
5000 Triggs Street

Los Angeles, CA 90022

Mr. George A. Cantley
Lear Siegler, Inc.
241 South Abbe Road
P.0. Box 4014

Eiyria, OH 44036

Captain Ralph Cantrell
University of Bridgeport
U.S. Army ROTC Department
Bridgeport, CT 06601

Dr. Homer W. Carhart
Naval Research Lab
Code 6180

Conshohocken, PA 19428 Washington, DC 20375

o

h:

;:;‘., Mr. Lou Brown, AWS-120 Mr  Michael Cass

s FAA National Headquarters Stngetirand Corporation

800 I[nderondence Avenue, SW. 474/ (idriison Avenue
Washiigton, DC 20591 Rockford, IL 61101
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Or. Young I. Cho, Ph.D.
Drexel University
College of Engineering
Philadelphia, PA 19104

Mr. Arthe~ V. Churchill
AFWAL/POSH

Wright Patterson Air Force Base
Ohio 45433

Mr. J. C. Clerc

Chevron Research Company
P.0. Box 1627

Richmond, CA 94802-0627

Mr. George A. Coffinberry
General Electric Company
1 Neumann Way

Mail Orop E-186
Cincinnati, OH 45215

Mr. Fred W. Cole

Filter Products Division
Facet Enterprises, Inc.
8439 Triad Drive
Greensboro, NC 27409

Mr. J. Donald Collier

Air Transport Association
of America

1709 New York Avenue, NW.

Wwashington, DC 20006

Captain Ralph Combariati
Port Authority of NY and No
JFK International Airport
Jamaica, NY 11430

Mr. Edwara Conkiin
Sikorsky Aircraft
North Main Street
Straftord, CT 06602

Mr. B. G. Corman

Exxon Research and Engineering
P.0. Box 4255

Baytown, TX 77520

Mr. Dick Coykendall

United Airlines

San Francisco International
Airport

San Francisco, CA 94128

Mr. Gerald A. Cundiff
General Electric Company
3 Penn Center Plaza
Philadelphia, PA 19102

Mr. Rick DeMeis
126 Powers Street
Needham, MA (02192

Mr. Terence Dixon

Boeing Aerospace Corporation
P.0. Box 3999

M/S 8J-93

Seattle, WA 98124

Mr. Thomas F. Donohue

General Electric Company

! Neumann Way, Mail Drop K-44
P.0. Box 156301

Cincinnati, OH 45215-6301

Mr. William G. Dukek
11 Ridge Road
Summit, NJ 07901

Mr. David W. Eggerding
AMOCC Chemicals Corpcrat;:cn
Research and Development
P.0. Box 400

Naperville, IL 6054C

or. Ther Ex.unc, ACT-3%
FAA Technical Center
Atlantic City Airport, No 08405

Mr. John H. Enders
Flight Safety Foundation
5510 Columbia Pike
Arlington, VA 22204
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R. Hileman
Texaco, Inc.

8ox 509

B8eacon, NY 12508

W. Hock

Grumman Aerospace Corporation
B 14 035

111 Stewart Avenue

Bethpage, NY 11714

Arthur Hoffman
American Cynamid

1937 West Main Street
Stamford, CT 06904

LCOR william Holland
Department of the Navy
NAVAIR 518

Naval Alr Systems Zommand
washington, DC 2036!

Robert L. HoOver
Box 10850 Cave (reek Stage
Phoenix, AZ 85020

Mr. Thomas G. #oreff

OC7 FAA Nationai neadquarters
AWCS-120

200 ngependen » AveNue. .w
wasnongton, 0 QTR

Mr. Sary .. norton

_nem|_3; Resedr-h Jivlsicn
.onoce, Inc.

2.0, dox '26°

Sonca Doty ox T4BCE

Ma 7 Ll 7

Alr Firie Nspe iR ang safety
SEOM

Norton Air Force dase, CA 32499

or. wolfgang i(mmel

BASF Aktienge.ellschaft
Technologte und Produktionsplanung
6700 Ludwigshafen

WEST GERMANY

M. C. Ingham
Chevron Research Company
P.0. Box 1627
Richmond, CA 94802-0627

G. Jahrstorfer

Chandler Evans, Inc.

Charter Oak Boulevard

West Hartford, CT 06110-0651

Mr. J. P. Jamieson

National Gas Turbine Establishment
Pyestock, fFarnborough

Hants GU'4 QLS

ENGLAMD

Mr. Eric Jevons

Chandler Evans, Inc.

Charter Oak Boulevardg

Box 10651

west Hartfordg, (T 06110-0651

R. Kassinger

Exxon [nternational Company
Commercial Department

200 Park Avenue

Florham, No 07932

Cr. J. W, xayffman

“he University of Michigan
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Naval Air Propulsion Center
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Mr. . Chris Meldrum
Texa. o Company

P.0. Box 430

Be laire, TX 77401

Dr. Robert E. Miller

c;o Dr. S. P. Wilford

Royal Aircraft Establishment
Farnborough, Hants
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Mr. James H. 0'Mara
Rohm and Haas

727 Norristown Road
Spring House, PA 19477

Mr. George Opdyke

AVCO Lycoming Division
550 South Main Street
Stratford, CT 06497

Dr. Robert H. Page

Texas A&M University
College of Engineering
College Station, TX 77884

Chris Papastrat

CEE Electronics, Inc.
8875 Midnight Pass Road
Sarasota, FL 33581

Mr. Roy tE. Pardue
Lockheed/Georgia Company
86 South Cubb Drive
Marietta, GA 30063

Mr. Sam Paton
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Mr. H. Daniel Smith

Manager, Research and Development
Engineered Fabrics Division
Goodyear Aerospace Corporation
Akron, OH 44315

S. Sokolsky

Aerospace Corporation
P.0. Box 91957

Los Angeles, CA 90009

Mr. Leo Stamler

Gull Airborne Instruments, Inc.
395 Oser Avenue

Smithtowne, NY

Mr. Barry Stewart
Olin Chemicals
8randenburg, KY 40108

Dr. wWarren C. Strahle

Georgia Institute of Technology
School of Aerospace Engineering
Atlanta, GA 30332

Mr. Kurt H. Strauss
Consultant, Aviation Fuels
‘16 Hooker Avenue
Jryghkeepsie, NY 12601

Mr. Dick Stutz
Si1korsky Aircraft
gngineering Jepartment
Stratford, CT 06602

we o AL 'd,v.f

ranfieis nstitule of Telnnoisyy
cranfield, Bedford, MK 43 0AL
ENGLAND

Dr. W. F. Taylor

Exxon Research and Engineering Company
Products Research Division

P.0. Box 5

cinden, No 0703%

Dr. James Teng, Ph.D.
Annheuser-Busch Corporation
1101 Wyoming Street

St. Louis, MO 63118

Mr. Joseph Thibodeau

Goodyear Aerospace Corporation
1210 Massillon Road

Akron, OH 44315

Mr. Richard G. Thrush
Lear Siegler, Inc.
241 South Abbe Road
P.0. Box 4014

Elyria, OH 44036

Mr. Dick Tobiason

Air Transport Association
1709 New York Avenue, NW.
Washington, DC 20006

Dr. F. F. Tolle

Boeing Military Airplane Company
P.0. Box 3707

M/S 4152

Seattle, WA 98124

Mr. R. Hugh Trask
Southland Corporation
849 Coast Boulevard
cadolla, CA 93034

M. Trimble

Delta Airiines

DEAT 568

Atlanta International Airport
Atlanta, GA 30320

Mr, 7. Ted T Lue

Boeing Aerospace (ompany
P.0. Box 3999

M/S 45-07

Seattle, WA 98124

Trans World Airlines, Inc.

kansas City International Airport
2-280

P.0. Box 20126

kansas City, MO 64195




Mr. Robert Umschied
M.S.E.-6

9709 tast Central
Wichita, KS 19328

Mr. Ed Versaw
Lockheed/California Company
P.0. Box 551

Burbank, CA 91520

J. F. Vitkuske

Dow Chemical Company
1702 Building
Midland, MI 48640

Mr. Fred Waite

Imperial Chemical Industries PLC
Paints Division

Wexham Road, Slough SL2 5DS
ENGLAND

Or. G. J. Walter
Sherwin-williams Company
501 Murray Road
Cincinnati, OH 45217

Mr. Paul Weitz

Simmonds Precision Instruments
Panton Road

Vergennes, VT 05491

Mr. John White

National Transportation
Safety Board

800 Independence Avenue, SW.

Washington, DC 20594

Yoo 2 otrar wnte
Jenry white, Inc.
P.0. Box 30088
Cleveland, OH 44130

Dr. S. P. Wilford
Royal Aircraft Establishment

B “armborough, Hants
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R. P. Williams

Phillips Petroleum

107 Catalyst Lab
Bartlesville, 0K 74004

Mr. Jacques L. Zakin

Ohio State University

Department of Chemical Engineering
140 West 19th Avenue

Columbus, OH 43210

R. E. Zalesky
Lockheed California Company

P.0. Box 551
Burbank, CA 91520
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